US  Army  Corps 
of  Engineers 

Waterways  Experiment 
Station 


Technical  Report  EL-94-8 
August  1994 


AD-A284  271 


Conemaugh  River  Lake 
Sediment  Removal  Study 

by  Roy  Wade,  Gary  E.  Freeman, 

Allen  M.  Teeter,  William  A.  Thomas 


Approved  For  Public  Release;  Distribution  Is  Unlimited 


Prepared  for  U.S.  Army  Engineer  District,  Pittsburgh 


The  contents  of  this  report  are  not  to  be  used  for  advertising, 
publication,  or  promotional  purposes.  Citation  of  trade  names 
does  not  constitute  an  official  endorsement  or  approval  of  the  use 
of  such  commercial  products. 


PKDfreD  ON  RECYCLED  PAPER 


Technical  Report  EL-94-8 
August  1994 


Conemaugh  River  Lake 
Sediment  Removal  Study 

by  Roy  Wade,  Gary  E.  Freeman, 

Allen  M.  Teeter,  William  A.  Thomas 

U.S.  Army  Corps  of  Engineers 
Waterways  Experiment  Station 
3909  Halis  Ferry  Road 
Vicksburg,  MS  39180-6199 


Final  report 

Approved  for  public  release;  distribution  is  unlimited 


Prepared  for  U.S.  Army  Engineer  District,  Pittsburgh 
Pittsburgh,  PA  15222-4186 


Waterways  Experiment  Station  Catatoglng-ln-Publlcatlon  Data 

Conemaugh  River  Lake  Sediment  Removal  Study  /  by  Roy  Wade ...  [et  al.] ;  pre¬ 
pared  for  U.S.  Army  Engineer  District,  Pittsburgh. 

81  p. :  ill. ;  28  cm.  —  (Technical  report :  EL-94-8) 

Includes  bibliographic  references. 

1 .  Resen/oir  sedimentation  —  Pennsylvania  —  Conemaugh  River.  2.  Con¬ 
emaugh  River  Lake  (Pa.)  3.  Dredging  —  Environmental  aspects.  4.  Flood 
control  —  Pennsylvania  —  Conemaugh  River  Watershed.  I.  Wade,  Roy.  II. 

United  States.  Army.  Corps  of  Engineers.  Pittsburgh  District.  III.  U.S.  Army  Engi¬ 
neer  Waterways  Experiment  Station.  IV.  Environmental  Laboratory  (U.S.  Army 
Engineer  Waterways  Experiment  Station)  V.  Series;  Technical  report  (U.S.  Army 
Engineer  Waterways  B^eriment  Statton) ;  EL-94-8. 

TA7  W34  no.EL-94-8 


Contents 


Preface .  vi 

Conversion  Factors,  Non-SI  to  SI  Units  of  Measurement . vii 

1 —  ^Introduction . 1 

Conemaugh  River  Lake . 1 

The  Problem . 1 

Organization  of  Report  . 4 

2 —  Settling  and  Modified  Elutriate  Tests  . 5 

Background  . 5 

A  Typical  CDF . 5 

Purpose . 6 

Testing  Objectives . 7 

Scope  of  Work . 7 

Experimental  Procedures  . 7 

General . 7 

Sample  collection . 8 

Settling  tests  . 8 

Modified  elutriate  test . 11 

Data  Analysis  and  Results  .  13 

Bulk  chemistry . 13 

Modified  elutriate  test . 14 

Column  settling  tests . 15 

Application  of  Results  to  Conceptual  Design  of  a  Typical  CDF . 19 

Sediment  characteristics .  19 

Typical  projea  conditions  . 20 

Design  of  CDF . 21 

Predicted  effluent  suspended  solids  concentrations  . 26 

3 —  Conemaugh  River  Lake  Numerical  Model . 28 

Introduction  . 28 

Purpose  and  approach . 28 

Plan  description  . 28 

Sediment  Analysis . 29 

Sample  conditions  and  density . 29 

Methods  . 29 

Results  . 30 


The  Models  . 36 

Model  Adjustment . 37 

UNET  adjustment . 37 

TABS-1  model  adjustment . 39 

Results . 45 

Base  test . 46 

Plan  1 . 47 

Plan  2 . 48 

Sensitivity  testing . 48 

4 — Conclusions  and  Recommendations  . 53 

Conclusions  . 53 

Recommendations . 54 

References  . 56 

Appendix  A;  Detailed  Test  Results . A1 

SF298 

List  of  Figures 

Figure  1.  Vicinity  map . 2 

Figure  2.  Study  area  map . 3 

Figure  3.  Schematic  showing  deposition  paaem  at  dam . 4 

Figure  4.  Schematic  of  an  active  CDF . 6 

Figure  5.  Steps  for  predicting  effluent  water  quality . 8 

Figure  6.  Schematic  of  the  settling  column .  10 

Figure  7.  Modified  elutriate  test  procedure .  11 

Figure  8.  Compression  test  curve .  16 

Figure  9.  Interface  depth  versus  time  curve . 17 

Figure  10.  Solids  concentration  profile  curve  . 17 

Figure  11.  Supernatant  suspended  solids  curve  .  18 

Figure  12.  Grain  size  analysis  curve,  Conemaugh  River  Lake  sediment  .  .  19 

Figure  13.  Aerial  view  of  oxbow,  potential  CDF  site . 20 

Figure  14.  Differential  gradation  curve  for  sample  CS4A-2  . 32 

Figure  IS.  Percent  removal  versus  natural  logarithm  of  time  curves . 33 

Figure  16.  Median  settling  velocity  versus  concentration  curve . 34 

Figure  17.  Consolidation  curves  . 34 

Figure  18.  Shear  stress  curves . 35 


Figure  19.  Comparison  of  versus  Yf  for  both  sediments . 36 

Figure  20.  Blacklick  sediment  load  versus  fiow  curve  . 40 

Figure  21.  Conemaugh  River  sediment  load  versus  flow  curve . 40 

Figure  22.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  C . 41 

Figure  23.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves,  Range  D . 41 

Figure  24.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  G . 42 

Figure  25.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  I  . 42 

Figure  26.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  L . 43 

Figure  27.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  O . 43 

Figure  28.  Comparison  of  observed  versus  TABS-1  calculated 

sediment  gradation  curves.  Range  P . 44 

Figure  29.  1966  and  1982  thalweg  elevations,  observed  versus  calculated  45 

Figure  30.  Calculated  thalweg  elevations  for  Base  Test  and  Plan  1  . 47 

Figure  31.  Calculated  thalweg  elevations  for  Plan  2 . 49 

Figure  32.  Single  submerged  pipeline  release  system . 50 


List  of  Tables 


Table  1.  Analytical  Procedures .  13 

Table  2.  Results  of  Modified  Elutriate  Tests  .  14 

Table  3.  Recommended  Resuspension  Factors  for  Various  Ponded 

Areas  and  Depths .  18 

Table  4.  Comparison  of  Predicted  Effluent  Quality  and 

Drinking  Water  Standards . 27 

Table  Al.  Bulk  Chemistry  Analysis  . A2 

Table  A2.  Radionuclides  Analysis . A6 

Table  A3.  Modified  Elutriate  Test  Chemical  Data . A7 

Table  A4.  Composite  Sediment  Compression  . All 

Table  A5.  Composite  Sediment  Zone  Test  Data  Slurry 

Concentration,  120.5  g/L,  1  March . A13 


Table  A6. 


Composite  Sediment  Flocculent  Settling  Test  Total 
Suspended  Solids,  mg/L . 


Preface 


This  study  was  conducted  as  a  part  of  the  Conemaugh  River  Lake  Sediment 
Removal  Study.  Tliis  report  was  prepared  at  the  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  in  cooperation  with  the  U.S.  Army 
Engineer  District,  Pittsburgh. 

Project  manager  for  the  Pittsburgh  District  was  Mr.  Marshall  Fausold. 

Projea  manager  for  WES  was  Mr  Roy  Wade.  The  settling  and  modified 
elutriate  studies  were  conducted  between  March  1990  and  April  1990  in  the 
WES  Environmental  Laboratory  (EL).  The  numerical  model  was  developed 
during  the  period  July  1990  to  August  1992  in  the  WES  Hydraulics  Laboratory 
(HL). 

The  settling  and  modified  elutriate  tests  portion  of  this  report  was  written 
by  Mr.  Wade,  Environmental  Restoration  Branch  (ERB),  Environmental 
Engineering  Division  (EED),  EL,  WES.  Laboratory  support  was  provided  by 
Messrs.  Fred  Ragan  and  Mike  Channell  both  of  ERB  a^  Mrs.  Linda  Mayfield 
of  the  WES  Structures  Laboratory.  This  portion  of  the  study  was  conducted 
under  the  direct  supervision  of  Mr.  Norman  R.  Francingues,  Jr.,  Chief,  ERB, 
and  under  the  general  supervision  of  Dr.  Raymond  L.  Montgomery,  Chief, 

EED,  and  Dr.  John  W.  Keeley,  Director,  EL. 

The  numerical  model  portion  of  the  report  was  written  by  Dr.  Gary  E. 

Freeman  and  Mr.  William  A.  Thomas,  Math  Modeling  Branch,  Waterways 
Division,  and  Mr.  Allen  M.  Teeter,  Estuarine  Branch,  Estuaries  Division,  HL, 

WES.  This  portion  of  the  study  was  conducted  under  the  direct  supervision  of 
Messrs.  Frank  A.  Herrmann,  Jr.,  Direaor,  HL,  and  R.  A.  Sager,  Assistant 
Director,  HL. 

At  the  time  of  publication  of  this  report.  Dr.  Robert  W.  Whalin  was 
Direaor  of  WES.  COL  Bruce  K.  Howard.  EN,  was  Commander. 

This  report  should  be  cited  as  follows: 

Wade,  R.,  Freeman,  G.  E.,  Teeter,  A.  M.,  and  Thomas,  W.  A. 

(1994).  “Conemaugh  River  Lake  sediment  removal  study,” 

Technical  Report  EL-94- ,  U.S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  MS. 

DTic  QUALiTif  3 

The  eonunis  afths  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
t^ficial  endorsement  or  approval  of  the  use  of  such  commercial  products. 

vii 


Conversion  Factors,  Non<SI  to 
SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  convened  to  SI 
units  as  follows: 


MuMpty 

By 

To  Obtain 

acres 

4.046.873 

square  meters 

aae-feet 

1,233.489 

cubic  meters 

cubic  feet  per  second 

0.0283165 

cubic  meters  per  second 

cubic  yards 

0  7645549 

cubic  meters 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  keMns' 

feet 

0.3048 

meters 

gallons  (U  S.  liquid) 

3.785412 

cubic  decimeters 

inches 

2.54 

centimeters 

miles  (U.S.  statute) 

1.609347 

kilometers 

pounds  (mass) 

0.4535924 

kilograms 

pounds  per  cubic  feet 

16.01846 

kilograms  per  cubic  meter 

square  feet 

0.09290304 

square  meters 

square  inches 

6.4516 

square  centimeters 

square  miles  (U.S.  statute) 

2589.998 

square  kilometers 

tons  (short  2000  lb) 

907.1847 

kilograms 

yards 

0.9144 

meters 

'  To  obtain  Celsius  (C)  temperature  rr 
formula:  C  =  (5/9)(F  -  32).  To  obtain 

ladings  from  Fahrenheit  (F)  readings,  use  the  following 
kelvin  (K)  readings,  use  K  >  (5/9)(F  -  32)  +  273.15. 
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Introduction 


Conemaugh  River  Lake 

Conemaugh  River  Lake  is  a  flood-control  projea  in  southwestern  Pennsyl¬ 
vania  on  the  Conemaugh  River  upstream  from  the  confluence  of  Loyalhanna 
Creek  which  forms  the  Kiskiminetas  River,  a  tributary  of  the  Allegheny  River 
(Hgure  1).  The  upstream  basin  of  the  Conemaugh  River  contains  about 
1,351  square  miles.'  The  topography  of  the  basin  is  characterized  by  high, 
rugged,  rolling  hills  in  the  lower  reaches  and  higher,  deeply  dissected,  moun¬ 
tainous  areas  in  the  upper  reaches.  The  lake  is  downstream  from  Johnstown, 
PA,  the  site  of  infamous  Johnstown  Flood  in  1889.  The  lake  serves  primarily 
as  a  flood-control  reservoir  (U.S.  Army  Engineer  District,  Pittsburgh  1985). 

Conemaugh  River  Lake  was  formed  by  the  closure  of  the  Conemaugh  River 
Dam  in  late  1952.  The  closure  of  the  dam  created  a  pool  that  impounds  water 
on  the  Conemaugh  River  and  on  Blacklick  Creek,  a  major  tributary  (Figure  2). 
The  Conemaugh  River  Lake  at  maximum  elevation  extends  over  Two  Lick 
Creek  and  Blacklick  Creek.  Normal  operating  pool  has  been  gradually  raised 
over  the  past  40  years  from  880  to  890  ft  prior  to  the  hydropower  plant  instal¬ 
lation  in  the  late  1980s.  Normal  pool  has  been  about  900  ft  National  Geodetic 
Vertical  Datum  (NGVD)  since  the  hydropower  plant  was  installed. 


The  Problem 

Sedimentation  surveys  of  the  lake  conducted  in  1966  and  1982  indicated  an 
accumulation  of  sediment  resulting  in  a  reduction  in  storage  capacity  of 
11,342  acre-ft.  This  represents  a  reduction  in  gross  reservoir  storage  capacity 
of  4.14  percent  or  an  annual  average  storage  loss  of  0.14  percent  over  the 
study  period.  Much  of  the  accumulated  sediment  is  located  inunediately 
upstream  of  the  dam.  The  sediment,  deposited  since  construction  of  the  dam, 
exceeds  30  ft  in  thickness  in  the  lower  3  miles  of  the  reservoir  except  for  a 


A  table  of  factors  for  converting  non-SI  units  to  SI  units  is  given  on  page  viii. 
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Figure  1 .  Vicinity  map 
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Figure  2.  Study  area  map 


low  flow  channel  near  Blacklick  Creek  (Figure  3).  The  deposited  sediment  is 
interfering  with  the  operation  of  the  outlet  structure  conduits. 


Organization  of  Report 

This  report  is  presented  in  four  chapters.  The  introduction  and  background 
information  on  the  Conemaugh  River  Lake  is  discussed  in  Chapter  1. 

Cluq)ter  2  presents  methodologies  and  results  of  settling  and  modified  elutriate 
tests.  The  development  and  evaluation  of  a  numerical  model  are  discussed  in 
Cluster  3.  Finally,  conclusions  and  recommendations  are  presented  in 
Chapter  4.  Appendix  A  includes  detailed  test  results. 


Chapter  1  Intrrduction 


2  Settling  and  Modified 
Elutriate  Tests 


Background 

Sediment  removal  to  restore  flexibility  of  operation  of  the  conduits  at  Cone- 
maugh  River  Lake  Dam  is  required.  One  alternative  being  considered  for  the 
Conemaugh  River  Lake  is  hydraulic  dredging  with  temporary  or  permanent 
disposal  of  the  dredged  material  in  an  upland  confmed  disposal  facility  (CDF). 
The  conceptual  design  of  the  CDF  requires  an  evaluation  of  the  settling  behav¬ 
ior  and  properties  of  the  dredged  material  to  be  placed  therein  in  order  to 
estimate  storage  requirements  and  to  promote  good  settling  within  the  CDF. 
Efficient  solids  removal  benefits  CDF  effluent  quality  by  reducing  possible 
particulate-associated  contaminants  along  with  lowering  suspended  solids 
concentrations. 

Settling  tests  were  conducted  in  the  Environmental  Laboratory  (EL)  at  the 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES).  Settling  test 
procedures  reported  by  Montgomery  (1978),  Palermo,  Montgomery,  and  Poin¬ 
dexter  (1978),  and  Palermo  and  Thackston  (1988)  were  used  to  predict  the 
concentration  of  suspended  solids  in  the  effluent  for  given  operational  condi¬ 
tions  at  the  Conemaugh  River  Lake  site.  Modified  elutriate  tests  as  reported 
by  Thackston  and  Palermo  (1990)  and  Palermo  (1984)  were  also  conducted  to 
predict  both  the  dissolved  concentrations  of  contaminants  in  milligrams  per 
liter  and  particle-associated  contaminant  fractions  of  the  suspended  solids  in 
milligrams  per  kilogram  of  suspended  solids  under  quiescent  settling  condi¬ 
tions.  Using  the  column  settling  test  results,  WES  researchers  determined  the 
storage  capacity  of  a  (TDF  based  on  effluent  suspended  solids  concentration. 
Using  results  from  both  the  column  settling  test  and  the  modified  elutriate  test, 
researchers  predicted  the  total  concentration  of  contaminants  in  the  effluent. 


A  Typical  CDF 

A  CDF  is  a  diked  enclosure  constructed  to  retain  dredged  material  placed  in 
the  site.  To  be  effective,  the  CDF  must  be  designed  to  provide  adequate  stor¬ 
age  capacity  for  the  settled  sediments  and  efficient  sedimentation  to  minimize 
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the  discharge  of  suspended  solids  (Montgomery,  Thackston,  and  Parker  1983). 
Figure  4  shows  an  active  CDF  where  the  dredged  material  undergoes  sedimen¬ 
tation,  resulting  in  a  “thickened”  deposit  of  settled  material  overlain  by  the 
clarified  supernatant.  The  supernatant  waters  are  normally  discharged  from  the 
site  as  effluent,  which  may  contain  dissolved  and/or  particulate-associated 
contaminants. 


Kieoliliwo 

OUCOOFO 


Figure  4.  Schematic  of  an  active  CDF 


Figure  4  also  shows  several  faaors  influencing  the  concentration  of  sus¬ 
pended  particles  and  contaminants  present  in  supernatant  waters.  As  dredged 
material  slurry  enters  the  ponded  water,  finer  particles  remain  suspended  in  the 
water  column  at  the  point  of  entry  due  to  turbulence  and  mixing.  The  sus¬ 
pended  particles  are  partially  removed  from  the  water  column  by  gravity  set¬ 
tling.  Some  of  the  settled  particles  may  reenter  the  water  column  because  of 
the  iqrward  flow  of  water  through  the  slurry  mass  during  thickening  and  may 
reenter  the  water  column  by  wind  and/or  surface  wave  action.  If  supernatant 
water  is  released  during  active  phases  of  disposal,  all  solids  cannot  be  retained. 
Therefore,  dissolved  and  partic^ate-associated  contaminants  may  be  trans¬ 
ported  with  the  particles  in  the  effluent  to  the  receiving  water  outside  the  con¬ 
tainment  area. 


Purpose 

The  purpose  of  this  section  is  to  document  and  present  the  results  of  the 
column  settling  and  modified  elutriate  tests  performed  as  part  of  the  sediment 
removal  smdy  and  to  apply  the  results  to  conceptual  design  of  a  CDF. 
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Testing  Objectives 


The  objective  of  the  settling  tests  was  to  predict  the  settling  behavior  of 
Conemaugh  River  Lake  composite  sediment  when  hydraulically  dredged  and 
placed  in  a  CDF.  The  objective  of  the  modif’ed  elutriate  test  was  to  predict 
the  quality  of  the  effluent  by  accounting  for  the  dissolved  concentrations  of 
contaminants  and  the  solid  contaminant  fraction  associated  with  the  total  sus¬ 
pended  solids  released. 

Prior  to  running  the  settling  and  modified  elutriate  tests,  homogenized  sedi¬ 
ment  samples  were  collected  and  analyzed  for  organic  constituents,  imrganic 
constituents,  and  radionuclides.  Historical  data  have  not  shown  evidence  of 
any  significant  levels  of  contamination  in  the  sediments  requiring  removal  at 
the  Conemaugh  River  Lake.  However,  it  is  not  uncommon  for  dredged  mater¬ 
ial  resulting  from  the  sedimentation  in  rivers  near  industrialized  areas  to  con¬ 
tain  contaminants.  Mining,  lumbering,  and  farming  operations,  and  the  outfalls 
from  factories  and  city  wastewater  treatment  systems  may  result  in  contami¬ 
nant  levels  in  the  sediment  that  may  be  high  enough  to  cause  concern  during 
dredging  and  disposal  operations. 


Scope  Of  Work 

The  scope  of  work  included  performing  laboratory  column  settling  tests  on 
Conemaugh  River  Lake  sediment  and  estimating  the  volume  requirements  for 
solid  storage  and  suspended  solids  removal  effectiveness  for  the  CDF.  An 
initial  screening  for  contamiruuion  was  performed  to  determine  if  there  was  a 
reason  to  believe  that  the  sediment  contained  any  contaminant  at  a  signiflcant 
concentration  and  to  identify  the  contaminants  that  should  be  analyzed  in  the 
modified  elutriate  test.  For  each  contaminant  of  concern,  the  modified  elutriate 
test  procedure  was  run  to  define  the  dissolved  concentration  and  the  fraction  of 
the  particle-associated  contammant  in  the  total  suspended  solids  under  quies¬ 
cent  settling  conditions.  This  procedure  also  accounts  for  geochemical  changes 
occurring  in  the  disposal  area  during  active  disposal  operations. 


Experimental  Procedures 

General 

This  part  of  the  report  describes  laboratory  testing  conducted  to  predict 
solids  storage  capacity  and  effluent  quality  of  the  proposed  CDF.  Samples  of 
sediment  and  water  were  collected  and  used  to  conduct  the  column  settling  and 
modified  elutriate  tests.  Results  from  both  of  these  tests  were  used  to  predict 
the  total  concentration  of  contaminants  that  may  be  present  in  the  effluent.  A 
flowchart  illustrating  the  efQuent  quality  prediction  technique  is  shown  in 
Figure  5. 
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Figure  5.  Steps  for  predicting  effluent  water  quality  (Palemx)  1984) 


Sample  collection 

Samples  of  bottom  sediment  and  site  water  were  collected  from  the  Cone- 
maugh  River  Lake  duiing  Sept^ber  1989  by  the  Pittsburgh  Distria.  The 
sediment  and  site  water  were  shipped  to  WES  in  4-ia  polyvinyl  (PVC)  pipes 
and  a  35-gal  drum,  respectively.  The  WES  Hydraulics  Lab  (HL)  used  ei^t  of 
the  borings  for  panicle  size  gradation  and  specific  gravity  determination  The 
WES  EL  composited  and  homogenized  the  remaining  samples  in  a  SS-gal 
drum.  The  sample  was  homogenized  with  a  Lightnin  mixer  :  or  1  hr.  Total 
solids  were  run  to  ensure  a  homogenized  sample. 


Settling  tests 

The  settling  tests  followed  procedures  found  in  WES  Technical  Repon 
DS-78-10  (Palermo,  Montgomeiy,  and  Poindexter  1978),  EM  1110-2-5027 
(0(ZE  1987),  and  WES  Technical  Report  D-88-9  (Palermo  and  Thackston 
1988). 

The  tests  involve  mixing  sediment  and  site  water  to  simulate  a  dredged 
material  slurry,  placing  the  material  in  a  settling  column,  and  observing  each 
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of  several  types  of  settling  (i.e.,  discrete,  zone,  flocculent,  and  compression) 
behavior.  The  general  procedures  are  described  below. 

Procedures.  The  flocculent  settling  test  consisted  of  measuring  the  concen¬ 
tration  of  suspended  solids  at  various  depths  and  time  intervals  in  a  settling 
column.  An  interface  foimed  near  the  top  of  the  settling  column  during  the 
first  day  of  the  test;  therefore,  sedimentation  of  the  material  below  the  interface 
is  described  by  zone  settling.  The  flocculent  test  procedure  was  continued 
only  for  that  portion  of  the  water  column  above  the  interface.  Samples  of  the 
settling  slurry  were  extracted  from  each  sampling  port  above  the  liquid-solid 
interface  at  different  time  intervals.  The  suspended  solids  concentrations  of  the 
extracted  samples  were  determined.  Substantial  reductions  of  suspended  solids 
are  expected  to  occur  during  the  early  part  of  the  test,  but  reductions  should 
lessen  at  longer  retention  times  (EM  1 1 10-2-5027). 

The  zone  settling  test  consisted  of  placing  a  slurry  in  a  sedimentation  col- 
urrm  and  reading  and  recording  the  fall  of  the  liquid-solids  interface  with  time. 
These  data  are  plotted  as  depth  horn  the  surface  to  the  interface  versus  time. 
The  slope  of  the  constant  velocity  settling  zone  of  the  curve  is  the  zone  set¬ 
tling  velocity,  which  is  a  function  of  the  initial  slurry  concentration. 

A  compression  settling  test  must  be  run  to  obtain  data  for  estimating  the 
volume  required  for  initial  storage  of  the  dredged  material.  For  slurries  exhib¬ 
iting  zone  settling,  the  compression  settling  data  can  be  obtained  by  continuing 
the  zone  settling  test  for  a  period  of  15  days,  so  that  a  relationship  of  log  of 
concentration  versus  log  of  time  in  the  compression  settling  range  is  obtained 
(EM  1110-2-5027). 

Slurry  preparation.  The  target  slurry  concentration  selected  for  the  set¬ 
tling  tests  was  150  g/L,  the  suggested  default  value  for  hydraulically  dredged 
slurry  since  the  dredged  material  actual  influent  concentration  was  not  known. 
The  slurry  was  prepared  by  mixing  the  Conemaugh  River  Lake  composite 
sediment  with  water  collected  from  the  site.  To  achieve  the  target  slurry  con¬ 
centration  for  the  composite  material,  approximately  6  gal  of  sediment,  which 
had  an  average  solids  concentration  of  476  g/L,  was  mixed  with  14  gal  of  site 
water  using  a  Lighttun  mixer.  The  slurry  was  pumped  from  a  55-gal  drum 
with  a  positive  displacement  pump  ituo  an  8-in.  diam,  7-ft  column,  with  ports 
at  OJ-ft  intervals  starting  at  the  7.0-ft  depth  (see  Figure  6).  After  the  slurry 
was  thoroughly  mixed  and  pumped  into  Ae  column,  six  samples  for  total  sol¬ 
ids  were  extracted  from  ports  at  the  6.0-,  5.0-,  4.0-,  3.0-,  2.0-,  and  1.0-ft  level. 
The  average  total  solids  concentration  for  the  slurry  was  detennined  to  be 
120.5  g/L. 

Zone  test.  The  zone  settling  test  was  performed  concurrently  with  the 
compression  settling  test  on  the  same  slurry.  The  depth  to  the  interface  was 
read  approximately  every  15  min.  The  zone  test  ran  for  approximately  12  hr. 
From  the  plot  of  the  depth  to  interface  (feet)  versus  time  (hours),  zone  settling 
velocity  was  determined. 
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Figure  6.  Schematic  of  the  settling  column  (Palermo  1985) 


Compression  test.  The  depth  to  the  interface  was  measured  at  approxi¬ 
mately  IS-min  intervals  for  tlK  first  8  hr  and  at  30-min  intervals  for  the  next 
4  hr,  which  were  the  same  times  as  those  used  for  the  zone  test  (as  described 
above).  Thereafter,  for  15  days,  depth  to  the  interface  was  measured  at  1- 
to  3-day  intervals,  and  these  data  were  used  for  the  compression  test. 

Flocculent  test.  Flocculent  settling  tests  were  perfonned  concurrently  with 
the  zone  and  compression  settling  tests  on  the  same  slurry.  Therefore,  the 
flocculent,  zone,  and  compression  settling  test  initial  slurry  concentrations  were 
the  same.  Samples  of  the  supernatant  were  extracted  with  a  syringe  at  6.0-, 
5.5-,  5.0-,  4.5-,  4.0-,  3.5-,  and  3.0-ft  ports  above  the  liquid-solid  interface  at 
different  time  intervals  (3.0,  6.0,  8.0, 12.0,  24.0, 48.0,  and  96  hr).  Suspended 


10 


Chapter  2  Setting  and  Modified  Elutriate  Tests 


solids  concentrations  were  then  determined  on  the  supernatants  following  Stan¬ 
dard  Method  2540D  (APHA-AWWA-WPCF  1989). 


Modified  elutriate  test 

The  procedure  for  conducting  a  modified  elutriate  test,  as  shown  in  Fig¬ 
ure  7,  is  described  in  the  following  paragraphs. 


Figure  7.  Modified  elutriate  test  procedure 


Apparatus  and  testing  procedure.  The  modified  elutriate  testing  appara¬ 
tus  consists  of  a  laboratory  mixer  and  several  4-L  graduated  cylinders.  The 
volume  requited  for  each  analysis,  the  number  of  parameters  measured,  and  the 
desired  analytical  replication  will  influence  the  total  elutriate  sample  volume 
required.  The  test  procedure  involves  mixing  site  water  and  sediment  to  a 
concentration  expected  in  the  influent  to  a  CDF.  The  mixture  is  then  aerated 
for  1  hr  to  simulate  the  oxidizing  conditions  present  at  the  disposal  site.  Next, 
the  mixture  is  allowed  to  settle  for  a  time  equal  to  the  expected  or  measured 
mean  retention  time  of  the  disposal  area,  up  to  a  maximum  of  24  hr.  The 
sample  of  the  supernatant  water  is  extracted  for  single  analysis  of  dissolved 
and  total  contaminant  concentrations.  Detmled  procedures  for  the  modified 
elutriate  test  as  conducted  at  WES  are  presented  below. 
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Sample  preparation.  The  sediment  and  dredging  site  water  were  mixed  to 
a  target  sluny  concentration  of  150  gA-.  The  composite  sediment  concentra¬ 
tion  was  476  g/L.  Each  4-L  cylinder  to  be  filled  required  a  mixed  slurry 
volume  of  3.75  L.  The  volumes  of  sediment  and  digging  site  water  to  be 
mixed  in  the  cylinders  were  calculated  using  the  following  equations: 

V'.—.  =  3-75  X  (C^C^..)  (>: 


and 


3.75 


(2) 


where 

=  volume  of  sediment,  L 
3.75  =  volume  of  slurry  in  a  4-L  cylinder,  L 
^iltrry  =  desired  concentration  of  slurry,  g/L 

_ =  predetermined  concentration  of  sediment,  g/L 

=  volume  of  dredging  site  water,  L 

The  slurry  was  prepared  by  adding  1.18  L  of  sediment  to  2.57  L  of  site 
water  in  a  large  container. 

Mixing  of  the  slurry.  The  slurry  was  mixed  in  a  large  container  for 
15  min  with  a  laboratory  mixer.  The  slurry  was  mixed  to  a  uniform 
consistency. 

Aeration  of  the  slurry.  Aeratitm  was  used  to  ensure  oxidizing  conditions 
in  the  supernatant  water  to  simulate  dredging  operation  during  the  mixing 
phase.  Hie  mixed  slurry  was  poured  into  4-L  graduated  cylinders.  The  slurry 
was  aerated  by  using  compressed  air  that  passed  through  a  deionized  water 
trap,  through  a  glass  tubing,  and  bubbled  throu^  the  slurry.  The  agitation  was 
vigorous  and  continued  for  1  hr. 

Settling  of  the  slurry.  The  tubing  was  then  removed  from  the  cylinder 
thereby  allowing  die  aerated  slurry  to  undergo  quiescent  settling  for  24  hr,  a 
suggested  default  value  when  the  field  mean  retention  time  is  not  known. 

Samfrie  extriution.  After  the  24-hr  settling  period,  samples  of  the  super¬ 
natant  water  were  extracted  from  the  cylinder  at  a  point  midway  between  the 
water  surface  and  the  interface  using  a  syringe  and  tubing.  Care  was  taken  not 
to  resu^nd  settled  material.  The  extracted  samples  were  homogenized,  split, 
and  analyzed  for  total  suspended  solids  concentration,  dissolved  contaminants. 
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and  total  contaminants  of  selected  constituents.  Samples  for  the  analysis  of 
dissolved  contaminants  were  filtered  through  a  0.45-pm  filter. 


Data  Analysis  and  Results 

The  behavior  of  Conemaugh  River  Lake  sediments  at  slurry  concentrations 
equal  to  that  expected  for  inflow  to  a  CDF  is  governed  by  zone  settling  pro¬ 
cesses.  The  sediments  exhibited  a  clear  interface  between  settled  material  and 
clarified  supernatant. 

The  settling  test  data  were  analyzed  using  the  Automated  Dredging  and 
Disposal  Alternatives  Management  System  (ADDAMS)  (Schroeder  and 
Palenno  1990),  which  is  a  family  of  computer  programs  developed  to  assist  in 
planning,  designing,  and  operating  dredging  and  dredged  material  disposal 
projects. 

All  chemical  analyses  for  this  study  were  conducted  according  to  SW-846 
standard  procedures  (Table  1).  Metals  were  analyzed  using  one  of  the  follow¬ 
ing  instruments:  Inductively  Coupled  Argon  Pla^a  (ICP),  Perkin  Elmer  5000 
(Cold  Vjp>r),  and  Zeeman  SKX).  Cyanide  aiudysis  was  performed  on  the 
Technicon  Auto  Analyzer.  Organic  analyses  were  performed  using  gas 
chromatognq)h/mass  spectrometers  (GC/MS).  The  Analytical  Laboratory 
Group  (ALG)  at  WES  performed  these  analyses. 


I  Table  1 

1  Analytical  Procedures 

Parameter 

Method 

Reference 

Metals 

ICP  and 

Furnace  Methods 

USEPA  Method  6010 

USEPA  Series  7000  Methods 

Semivolatile  or  BNAs 

GC/MS 

USEPA  Method  8270 

Pesticides  and  PCBs 

GC 

USEPA  Method  8080 

Cyanide 

Colorimetric 

USEPA  Method  9012 

Bulk  chemistry 

Homogenized  samples  (in  triplicate)  of  the  sediment  were  sent  to  the  ALG 
to  determine  the  chemical  characteristics  of  the  sediment  (Tables  A1  and  A2). 
The  sediment  was  analyzed  for  total  metals,  organic  priority  pollutants  except 
volatiles,  total  organic  carbon,  and  radioactivi^^  (gross  gamma,  gross  alpha, 
and  gross  beta).  The  analytical  results  of  the  sediment  show  elevated  levels  of 
heavy  metals,  such  as  arsenic  (51  mg/kg),  barium  (348  mg/kg),  chromium 
(49  mg/kg),  copper  (83.3  mg/kg),  lead  (570  mg/kg),  and  mercury  (1.0  mg/kg). 
The  average  cyanide  concentration  was  625  mg/kg.  The  reportable  organic 


Chapter  2  Settling  and  Modified  Elutriate  Tests 


13 


pollutants  detected  were  PCB-1254  (0.074  mg/kg)  and  1,2,4  Trichlorobenzene 
O0.7  mg/kg).  The  total  organic  carbon  concentration  was  27,538  mg/kg. 
More  detailed  analytical  results  are  presented  in  Table  Al. 

The  results  of  the  radionuclides  activity  are  reported  as  pci/g  of  dry  sedi¬ 
ment  (Table  A2).  Both  gross  alpha  and  gross  beta  values  were  typical  of 
normal  background  radiation.  The  data  reported  for  the  gross  gamma  scan 
were  within  normal  background  levels.  All  radionuclides  detected  in  the 
gamma  scan  were  naturally  occurring  with  the  exception  of  ‘”Cs,  which  is  a 
residual  remaining  in  the  environment  as  a  result  of  atmospheric  testing  in  the 
1960s. 


Modified  elutriate  test 

Since  the  bulk  chemistry  results  gave  a  “reason  to  believe’*  that  the  sedi¬ 
ment  may  be  contaminated,  the  modified  elutriate  test  was  conducted  on  the 
Conemaugh  River  Lake  sediment  to  evaluate  the  potential  for  contaminant 
releases  from  the  CDF  during  dredging  operations.  Results  for  all  analytes  are 
shown  in  Table  A3.  The  analytical  results  show  total  concentration  and  dis¬ 
solved  ctmcentration  of  total  organic  carbon  (TOC),  cadmium,  copper,  alumi¬ 
num,  barium,  iron,  and  manganese  (T^le  2).  Cyanide  was  not  detected  in  the 
modified  elutriate  test  Possible  explanations  for  no  detection  of  cyanide  in  the 
modified  elutriate  test  are  the  oxidation  that  occurs  during  the  elutriate  test  and 
the  cyanide  may  be  in  a  form  that  remains  attached  to  the  sediment. 


L  Table  2 

Results  of  Modified  Elutriate  Tests 


Parameter 

Total  Concentration 
mg/L 

Dissolvod  Concentration 
mg/L 

Fraction  of  Total  1 

Suspended  SoMds  | 

mg/kg  of  TSS  | 

TOC 

23.4 

21.8 

5,630 

TSS 

284 

- 

- 

Cadmium 

<0.0001* 

0.0017 

0 

Copper 

0.001 

<0.001* 

4.0 

Aluminum 

0.042 

<0.030* 

148.0 

Barium 

0.332 

0.298 

120.0 

Iron 

0.228 

0.175 

187.0 

1  Manganese 

0.092 

0.093 

0 

1  *  *<’ values  were  assigned  zero. 
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The  chemical  analysis  of  the  modified  elutriate  samples  provided  the  data 
used  to  predict  dissolved  and  total  concentrations  of  contaminants  in 
milligrams  per  liter.  The  total  suspended  solids  (TSS)  concentration  was  also 
determined.  To  predict  the  total  concentration  of  each  contaminant  in  the 
effluent,  it  was  necessary  to  first  calculate  the  fraction  of  each  contaminant 
associated  with  the  total  suspended  solids  in  the  elutriate  samples  using  the 
foUowing  equation: 

F  =  (1  X  10®)  X  ~  (3) 

"  SS 


where 


F„  -  fraction  of  contaminant  in  the  total  suspended  solids,  mg 
contaminant/kg  of  suspended  solids 

(1  X  10^)  =  conversion  factor,  mg/mg  to  mg/kg 

total  concentration,  mg  contaminantA^  of  sample 

=  dissolved  concentration,  mg  contaminantA-  of  sample 

55  =  total  suspended  solids  concentration,  mg  solidsA-  of  sample 

The  results  for  these  calculations  using  Equation  3  are  summarized  in 
Table  2,  which  shows  only  the  deteaed  parameters. 


Column  settling  tests 

Compression  settling  tests.  For  the  compression  tests,  the  initial  slu  ry 
concentration  and  height  and  depth  to  interface  versus  time  were  entered  in  the 
program  (Table  A4).  The  ADDAMS  program  used  the  initial  slurry  concentra¬ 
tion  of  120.5  gA-  and  height  of  6.22  ft  to  determine  the  solids  concentration  at 
a  given  time.  A  plot  was  generated  showing  the  relationship  between  solids 
concentration  (gA^)  and  retention  time  (days)  (Figure  8).  ADDAMS  also 
develc^d  a  regression  equation  for  the  resulting  power  curve  relating  solids 
concentration  to  time.  The  composite  sample  regression  equation  may  be  used 
to  determine  the  solids  concentration  at  any  given  time.  The  regression  equa¬ 
tion  used  was 

C  =  210  X  W 
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Figure  8.  Compression  test  curve 


where 

C  =  soJids  concentration,  g/L 

T  =  time,  days 

Zone  settling  test.  Zone  settling  velocity  for  the  Conemaugh  River  Lake 
composite  sample  was  detennined  to  be  0.101  ft/hr  for  the  zone  test  Depths 
to  interface  and  their  corresponding  time  intervals  were  entered  (Table  A5) 
into  a  plotting  routine  used  to  determine  the  zone  settling  velocity.  When  the 
zone  settling  curve  departs  from  a  linear  relationship,  compression  settling 
begins  (Figure  9). 

Flocculent  settling  tests.  For  the  flocculent  tests,  an  extension  to  the  zone 
settling  procedure  is  presented  in  EM  1110-2-5027.  Palermo  (1984)  analyzed 
the  effects  of  several  possible  assumptions  regarding  the  magnitude  of  the 
value  to  be  used  as  the  initial  concentration  in  laboratory  test,  and  he 
showed  that  all  gave  essentially  the  same  final .  .  ult.  Therefore,  he  recom¬ 
mended  that,  for  simplicity,  the  concentration  in  the  first  sample  taken  at  the 
highest  sampling  port  be  used  as  the  initial  concentratioa  The  initial  concen¬ 
tration  and  Ae  supernatant  suspended  solids  concentrations  at  different  depths 
and  time  intervals  (Table  A6)  were  used  by  ADD  AMS  to  generate  two  curves, 
the  concentration  profile  curve  aiul  the  supernatant  suspended  solids  curve 
(Hgures  10  and  11,  respectively).  The  concentration  profile  curve,  which  plots 
the  depth  below  the  surface  (feet)  versus  percent  of  initial  concentration,  shows 
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re  9.  Interface  depth  versus  time  curve 


PERCENT  OF  INITIAL  CONCENTRATION 


Figure  10.  Solids  concentration  profile  curve 
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Figure  1 1 .  Supernatant  suspended  solids  curve 


that  the  suspended  solids  concentrations  decrease  with  time  and  increase  at 
deeper  ponding  depths  (1,  2,  and  3  ft)  at  the  weir.  The  supernatant  suspended 
solids  curves  derived  from  the  concentration  profile  curves  compare  the  effect 
of  retention  time  on  siq)eniatant  suspended  solids  at  1-,  2-,  and  3-ft  ponding 
depths.  This  curve  shows  that  increasing  the  retention  time  beyond  70  hr  for 
2  ft  of  ponding  depth  provides  little  additional  improvement  in  supernatant 
suspended  solids  concentration.  Actual  field  suspended  solids  will  be  greater 
because  of  resuspension  by  wind  and  wave  action.  The  resuspension  faaor  is 
estimated  at  t^roximately  1.5  to  2.S  depending  on  ponding  depth  and  surface 
area  (Table  3). 


Table  3 

Recommended  Resuspension  Factors  for  Various  Ponded  Ares» 
and  Depths 


Andeipatad  Ponded  Area 

Anticipated  Average  Ponded  Depth 

Leas  than  2  ft 

2  ft  or  Greater 

Less  than  100  acres 

2.0 

1.5 

Greater  than  100  acres 

2.5 

2.0 
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Application  of  Results  to  Conceptual  Design  of  a 
Typical  CDF 


Sediment  characteristics 

Sediment  characteristics  of  the  dredged  material  are  important  in  the  design 
of  a  CDF.  Some  sediment  characteristic  values  at  Conemaugh  River  Lake  are 
listed  below. 

Initial  water  content,  170  percent 
Specific  gravity,  2.68 
Initial  void  ratio,  4.55 
Percent  sand  (avg),  9.9 

The  predominant  Unified  Soil  Classification  is  organic  clay  (OL)  (Figure  12). 


Figure  12.  Grain  size  analysis  curve,  Conemaugh  River  Lake  sediment 
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Typical  project  conditions 


The  conditions  surrounding  the  Conemaugh  River  Lake  may  hinder  the 
removal  operation  of  dredged  material.  The  area  adjacent  to  the  dam  will  be 
hindered  by  the  presence  of  logs  and  small  debris.  Also,  access  to  the  work 
site  is  severely  limited  and  will  restrict  the  size  of  equipment  that  can  be  mobi¬ 
lized  for  construction.  It  is  understood  that  the  2.5-ton  load  limit  on  the  for¬ 
mer  railroad  bridge  providing  access  to  the  left  bank  is  being  reviewed  as  a 
result  of  repairs  made  in  the  late  1980s  in  preparation  for  construction  of  the 
non-Federal  hydropower  development  project. 

The  only  area  available  for  serious  consideration  as  a  potential  disposal 
facility  for  dredged  material  near  the  damsite  is  across  the  inside  of  the  oxbow 
just  upstream  of  the  dam  on  the  left  descending  bank  (Figure  13).  Due  to  the 
steep  banks,  the  potential  site  would  have  limited  storage  capacity.  Pittsburgh 
District  personnel  have  estimated  that  developing  a  usable  volume  of 
150,000  yd^  will  require  construction  of  enclosure  dikes  20  ft  high.  A 
10-ft-high  dike  will  provide  a  usable  volume  of  40,0(X)  yd\  A  review  of  sedi¬ 
mentation  surveys  has  indicated  that  during  the  period  1966  to  1982, 

320,(XX)  yd^  of  material  have  been  deposited. 


Figure  13.  Aerial  view  of  oxbow,  potential  CDF  site 


Preliminary  design  of  a  CDF  also  requires  knowledge  of  additional  project 
conditions.  The  dredge  production  rate,  dredge  flow  rate,  site  capacity,  dike 
height,  sediment  storage  depth,  ponding  depth,  and  freeboard  depth  are  needed 
(Wade  1988).  For  the  puipose  of  illustrating  how  to  use  the  information 
developed  in  this  study,  the  following  project  conditions  are  assumed: 
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(a)  volume  to  dredge  is  3S0.000  yd^;  (b)  since  access  to  the  site  is  limited,  an 
8-in.  dredge  is  used  and  expected  to  dredge  at  an  effective  production  rate  of 
175  yd^/hr,  (c)  dredged  material  slurry  flow  rate  is  700  cu  yd^/hr  (5.25  cfs)  for 
a  slurry  concentration  of  120  g/L;  and  (d)  the  dike,  storage,  ponding,  and  free¬ 
board  depths  are  10,  6.  2,  and  2  ft,  respectively. 


Design  of  CDF 

Because  dredged  material  has  the  tendency  to  increase  in  volume,  the  actual 
amount  of  dredged  material  from  Conemaugh  River  Lake  requiring  storage 
may  be  larger  than  350,000  yd^  The  total  volume  required  for  initial  storage 
'n  a  containment  area  includes  volume  for  storage  of  dredged  material,  volume 
or  sedimentation  (ponding  depth),  and  freeboard  volume  (volume  above  water 
surface).  The  volume  required  for  storage  of  the  coarse-grained  material 
(>No.  200  sieve)  is  determined  separately  because  this  material  behaves  inde¬ 
pendently  of  die  fine-grained  material  (<No.  200  sieve).  Design  computations 
are  as  follows: 

a.  Representative  samples  of  channel  sediments  tested  in  the  laboratory 
indicate  that  9.9  percent  of  the  sediment  is  coarse-grained  material 
(>No.  200  sieve).  Therefore 

=  350.000(0.099)  =  34,650  yd^ 


V.  =  350,000  -  34,650  =  315,350  yd^ 


b.  Estimate  the  time  of  dredging: 

350.000  vd^  =  2,000  hr 
175  yd^/hr 

Since,  the  estimated  time  of  dredging  is  2,000  hr,  two  8-in.  dredges  will  be 
used  where  operating  time  per  day  per  dredge  is  18  hr.  Thus, 

2,000  hr  =  56  days 
36  hr/day 

(1)  Average  time  for  dredged  material  consolidation: 

56  days  =  28  days 
2 

(2)  Design  solids  concentration  of  settled  solids  at  28  days: 
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Cj  =  210  X  (from  Figure  8) 
C,  =  478  g/L 


c.  Estimate  the  volume  required  for  dredged  material: 

(1)  The  average  void  ratio  of  the  fine-grained  material  is  calculated  as 
follows: 

G.  X  1,000 


e,  =  4.60 


(2)  The  volume  of  the  fine-grained  material  after  disposal  is  calculated  as 
follows: 


e  -  e. 

V.  =  V.  _f - 1  +  1 

^  ‘  1  +  e.. 


where 


V/  =  volume  of  fine-grained  material  after  disposal  in  CDF,  ft^ 
V,  =  volume  of  fine-grained  channel  sediments,  ft^ 
e,  =  initial  void  ratio  in  sediment 

=  317,619  yd^ 


(3)  The  volume  required  for  initial  storage  is  calculated  as  follows; 


V  =  V^*  v„ 


where 


V  =  total  volume  of  the  dredged  material  in  the  CDF.  yd’ 
=  volume  of  sand,  yd’ 


V  =  317,619  +  34,650 


=  352,269  yd’ 
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d.  Determine  the  maximum  thickness  of  dredged  material  at  end  of  dis¬ 
posal  operation. 

(1)  The  dike  height  is  limited  to  10  ft.  The  allowable  dredged  mater¬ 
ial  height  is  calculated  as  follows: 


~  ^dUmu)  ~  ^pd  ~ 


(8) 


where 

tliKmmi  =  maximum  allowable  dike  height,  ft 
ffpd  =  ponding  depth,  ft 

Hfl,  s  freeboaid  (minimum  of  2  ft  can  be  assumed),  ft 
=  10-2-2 


=  6  ft 


(2)  The  minimum  possible  surface  area  is  calculated  as  follows: 


(9) 


=  37  acres 

e.  Determine  minimum  area  required  for  zone  sedimentation. 


(1)  V,  =  0.101  ft/hr  (from  Figure  9). 

(2)  The  area  requirement  is  calculated  as  follows: 


e.  (3,600) 


(10) 
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Q.  =  5.25  cfs  X  2  =  10.5  cfs 


(11) 


10.5  X  3,600 
0.101 

=  374,250  ft* 


A,  =  8.6  acres 


where 


A,  =  containment  surface  area  requirement  for  zone  settling,  ft* 

Qi  =  influent  flow  rate,  cfs 

3,600  =  conversion  factor,  hours  to  seconds 

V,  =  zone  settling  velocity  at  influent  solids  concentration  (Q),  ft/hr 

(3)  Increase  the  area  by  a  factor  of  1.87  [hydraulic  efficiency  correction 
factor  (HECF)]  to  account  for  hydraulic  inefficiencies  (assuming  the 
CDF  can  be  consmicted  with  a  length-to-width  ratio  of  approxi¬ 
mately  3): 

Tj  IT  =  0.9  [1  -  exp  (-0.3L/W)]  (12) 

=  0.53  (assuming  length-to-width  ratio  is  3) 
and 


Tj  IT  =  1/HECF 


therefore 

HECF  =  1.87 

Aj^  =  1.87  X  (8.6  acres) 

=  16.0  acres 

wlrere 

=  design  surface  area  for  effective  zone  settling,  acres 
HECF  =  hydraulic  efficiency  correction  factor 
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Tj  =  mean  residence  time,  hr 

T  =  theoretical  residence  time,  hr 

/.  £)etermine  minimum  area  required  for  ponding. 

(1)  The  effluent  suspended  solids  concentration  was  predicted  as 
follows: 

Total  settling  volume  =  352,269  yd’  x  2  ft/6  ft 
=  117,000  yd’ 

T  =  1 17,000  yd’  -r  25,200  yd’/day 
=  4.66  days  (1 12  hr) 

The  hydraulic  efficiency  factor  is  applied  due  to  containment  area  inefficien¬ 
cies  (Shields,  Schioeder,  and  Thacluton  1987). 

Tj  =  112  hr  ^  1.87 

=  60  hr 


The  supernatant  suspended  solids  curve  (Figure  11),  a  retention  time  of 
60  hr,  and  a  2-ft  ponding  depth  yield  a  suspended  solids  concentration  of 
40  mgA-  in  the  column.  A  resuspension  factor  of  1.5  is  recommended  for  a 
ponding  depth  of  2  ft  or  greater  and  a  surface  area  less  than  100  acres.  The 
effluent  suspended  solids  concentration  estimated  for  the  field  conditions  is 
60  mg/L. 


TQ, 

(12.1) 


(13) 


112  X  (10.5) 
2  X  (12.1) 


=  49  acres 

The  CDF  site  should  dierefore  encompass  approximately  49  acres  of 
ponded  surface  area  if  the  dredge  selected  for  the  project  has  an  effective  flow 
rate  not  greater  than  5.3  cfs.  In  this  case,  the  surface  area  of  49  acres  required 
to  meet  effluent  suspended  solids  concentration  of  60  mg/L  is  greater  than  the 
minimum  surface  area  of  16  acres  required  for  effective  zone  settling.  The 
area  required  for  storage  is  37  acres.  The  design  surface  area  is  therefore 
49  acres  as  required  for  ponding.  This  corresponds  to  the  following  values  as 
previously  calculated: 
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//^=2ft 
=  49  acres 


Predicted  effluent  suspended  solids  concentrations 

Alter  the  dredged  material  is  plat^  in  a  CDF,  solids  that  have  not  settled 
by  gravity  will  remain  suspended  in  the  water  column.  The  solids  that  are  sus¬ 
pended  will  flow  over  the  weir  structure.  The  concentration  of  the  suspended 
solids  in  the  effluent  is  needed  to  determine  the  effectiveness  of  the  CDF  and 
if  any  water  quality  standards  will  be  violated. 

Prediction  of  the  total  contaminant  concentrations  in  the  effluent  were  made 
using  the  results  of  the  modified  elutriate  test  and  column  settling  test.  The 
total  contaminant  concentrations  in  the  effluent  were  predicted  by  adding  the 
predicted  dissolved  concentrations  and  the  predicted  particle-associated  concen¬ 
trations.  The  dissolved  concentrations  were  determined  directly  by  the  modi¬ 
fied  elutriate  test.  The  particle-associated  concentrations  were  calculated  using 
the  contaminant  fractions  (Table  2)  of  the  total  suspended  solids  determined  by 
the  modified  elutriate  test  and  the  predicted  effluent  suspended  solids  concen¬ 
tration  determined  by  the  column  settling  test.  Both  test  results  were  used  to 
predict  total  contamirumt  concentration  in  milligrams  per  liter  in  die  effluent  by 
using  the  following  equation  (Thackston  and  Palermo  1990): 


^  total  ~ 


(1  X  10«) 


(14) 


Ctgui  =  estimated  total  concentration  in  effluent,  mg  contaminant/L  of 
water 

=  dissolved  concentration  determined  by  modified  elutriate  test, 
mg  contaminant/L  of  sample 

F„  =  fiactitm  of  contaminant  in  the  total  suspended  solids  calculated 
from  modified  elutriate  test  results,  mg  contaminant/kg  of 
suspended  solids 

SS^  =  predicted  suspended  solids  concentration  of  effluent  estimated 
from  evaluation  of  sedimentation  performance  in  laboratory 
column  settling  test,  adjusted  for  field  conditions  by  factors 
from  Table  3  (Palermo  and  Thackston  1988),  mg  suspended 
solids/L  of  water 

(lx  1(f)  =  conversion  faaor,  mgAng  to  mg/kg 
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Table  4  shows  the  predicted  total  concentration  of  possible  contaminants  in 
the  effluent.  The  acceptability  of  the  proposed  CDF  operation  can  be  eval¬ 
uated  by  comparing  the  predicted  total  contaminant  concentrations  with  ^pli- 
cable  water  quality  standards.  Since  no  water  quality  standards  were  specified, 
predicted  concentrations  of  contaminants  in  the  effluent  were  compared  with 
Federal  Water  Quality  Criteria  (WQC)  for  surface  water.  All  predicted  efflu¬ 
ent  concentrations  were  below  the  WQC  except  cadmium,  which  was  slightly 
higher  than  the  WQC;  therefore,  no  mixing  zone  evaluation  was  required. 


Table  4 

Comparison  of  Predicted  Effluent  Quality  and  Drinking  Water 
Standards 

Predicted  Total 
Concentration  In 
Effluent,  mg/L 

Federal  Water  Quality  Criteria' 

Freeh  Acuta  Criteria 
mg/L 

Freeh  Chronic 

Criteria,  mg/L 

TOC 

22.1 

— 

- 

TSS 

- 

- 

- 

Cadmium 

0.0017 

0.0039 

0.0011  1 

Copper 

0.001 

0.018 

0.012 

Aluminum 

0.032 

- 

- 

Barium 

0.304 

— 

- 

Iron 

0.184 

1 

Manganese 

0.093 

- 

- 

'  U.S.  Environmental  Protection  Agency.  Office  of  Water  Regulations  and  Standards, 

September  1986. 
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3  Conemaugh  River  Lake 
Numerical  Model 


Introduction 

Purpose  and  approach 

As  stated  previously,  since  1952  significant  sedimentation  has  occurred  just 
upstream  from  the  dam.  The  sedimentation  is  on  the  order  of  20  to  25  ft 
above  the  low  level  outlets  and  30  to  35  ft  above  the  original  channel  bed 
elevation  (Bgure  3).  This  sedimentation,  while  not  a  large  percentage  of  total 
storage  (4.14  percent  in  1982),  is  critically  located  in  the  channel  above  the 
dam  and  is  beginning  to  interfere  with  the  operation  of  the  outlet  woilcs. 

The  installation  of  the  hydropower  project  in  the  late  1980s  has  raised  con¬ 
cerns  of  future  sedimentation  problems.  Much  of  the  water  that  was  pre¬ 
viously  released  through  the  dam  is  now  released  through  the  powerhouse 
turbines.  The  turbine  inlet  is  approximately  1.8  miles  upstream  from  the  dam, 
and  the  release  of  clear  water  is  expected  to  worsen  sedimentation  problems  in 
the  channel  downstream  of  the  turbine  intake. 


Plan  description 

The  alternatives  tested  in  this  study  consisted  of  (a)  the  existing  condition 
with  no  change  in  operation  (no  action);  (b)  increased  minimum  flow  through 
the  dam  during  low  flow  periods;  and  (c)  removal  of  sediment  deposition  from 
the  pool  by  dredging  with  no  change  in  operating  procedure.  Additionally,  the 
Pittsburgh  District  proposed  a  fourdi  alternative  for  testing  after  preliminary 
review  of  model  test  results  from  the  flrst  three  alternatives.  This  fourth  alter¬ 
native,  described  in  detail  later  in  this  report,  was  similar  to  the  third  alterna¬ 
tive  except  that  the  reservoir  operating  procedure  was  modified. 


28 


Chapter  3  Conemaugh  River  Lake  Numerical  Model 


Sediment  Analysis 


Five  bore  samides  (as  shown  in  Figure  2)  were  analyzed  to  obtain  bulk 
density,  particle  size,  settling,  consolidation,  and  shear  stress  characteristics. 
The  five  borings  were  provided  by  the  Pittsburgh  District  through  the  WES  EL 
to  the  HL  for  examination  and  density  determination.  The  remainder  of  the 
analyses  were  performed  on  a  single  sample  (CS4A). 


Sample  conditions  and  density 

Samples  were  sealed  in  5-ft  PVC  tubes.  Sample  CS4A-2  was  found  to  be  a 
full  sample  with  very  little  water  standing  on  it,  and  was  homogenized  with  a 
drill  motor  for  IS  min.  Other  samples  had  substantial  standing  water,  and 
sediment  material  was  subsampled  to  determine  detisity.  Results  were  as 
follows: 


Sample  No. 

Length  of  Sediment  in  Tube,  in. 

Bulk  Density,  g/eu  cm 

CS4A-2 

60 

1.354 

CS4A-1 

48 

1.173 

CS4-1 

3 

1.257 

CS2-1 

10 

1.187 

CS1-1 

18 

1.303 

All  samples  contained  organic  matter  (leaves,  wood  fibers,  twigs,  etc.)  which 
was  removed  by  passing  all  samples  through  a  60-mesh  sieve.  Samples  had  a 
heavy  organic  smell  resembling  diesel  fuel. 


Methods 

Density  was  measured  with  a  Parr  DMA  digital  density  meter.  Bulk  wet 
density  (BWD,  g/cm^)  can  be  converted  to  solids  content  (C,,  g/cm’)  by  use  of 
the  following  equation: 

^  p,mD  -  p,) 

’  p,  -  Pi 

where  p,  and  pj  are  the  particle  and  liquid  densities  (assumed  to  be  2.65  and 
0.997  g/cm^  respectively). 

Particle  size  was  determined  using  a  Particle  Data  ELZONE  80XY  particle 
size  analyzer  that  operates  on  a  principle  similar  to  a  Coulter  Counter.  The 
machine  measures  spherical-equivalent  diameter  by  the  displacement  of  current 
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flowing  through  an  electrolyte  in  a  small  orifice.  Samples  were  passed 
through  a  No.  200  sieve.  Samples  were  diluted  about  1:10,000  and  suspended 
in  1  and  2  percent  sodium  chloride  (J'iaCl)  and  drawn  through  the  orifice.  All 
samples  were  first  partially  analyzed,  and  then  sample  CS4A-2  was  analyzed 
completely.  The  complete  analysis  included  blending  240-  and  95-pm-orifice 
results,  and  extrapolating  below  1.4  inn. 

Settling  tests  were  performed  in  a  1.85-m-long  by  10-cm  diam  Plexiglas 
tube.  Samples  were  passed  through  a  No.  200  sieve.  Sediments  were  mixed 
with  tap  water  and  allowed  to  equilibrate  for  a  minimum  of  12  hr.  Tests  were 
performed  using  the  pipette  method.  Samples  were  drawn  over  a  4-hr  period. 

Hindered-settling  consolidation  (sometimes  called  zone,  flocculent,  batch,  or 
phase  n  settling)  was  performed  in  2-L  graduated  cylinders  with  a  diameter  of 
about  7  cm.  Five  tests  were  run  for  20  to  160  gA-  initial  solids  content  (C,). 
Interfaces  between  the  sediment  and  clear  supernatant  were  monitored  over  a 
48-hr  period.  The  initial  descent  rate  of  the  interface  was  used  to  estimate 
hindered  settling  rates  for  the  initial  and  the  C,  at  short  times  (about 
30  min)  were  used  as  an  indication  of  newly  deposited  bed  density. 

Shear  stress  tests  were  performed  with  a  Rheology  International  Series  2 
viscometer  to  gauge  the  shear  strength  of  the  sediment  A  concentric  cylinder 
geometer  was  used.  Five  test  series  were  performed  at  1.354,  1.30,  1.25,  1.20, 
and  1.15  g/cm^.  Shear  rates  were  stepped  up  during  the  tests.  Yield  stresses 
were  detennined  by  extrapolation  back  to  zero  shear. 


Results 


During  the  initial  sample  screening  for  particle  size,  statistics  based  on 
particle  number  were  obtained.  These  data  are  useful  only  for  intercompari¬ 
son.  Results  using  a  95-pm  orifice  were  as  follows: 


Sample 

By  Count  in  1%  NaCI  || 

Mean,  pm 

Median,  pm 

Mooe,  pm 

CS4A-2 

0.09 

1.94 

1.43 

CS4A-1 

2.20 

2.04 

1.43 

CS4-1 

2.37 

2.25 

1  43 

CS2-1 

2.25 

2.14 

1.43 

CS1-1 

2.09  ,  1.99 

1.43 
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Sample 

By  Count  In  2%  NaCi  | 

Moan,  pm 

Median,  pm 

Mode,  pm 

CS4A-2 

249 

2.25 

1.43 

CS4A-1 

2.49 

2.31 

1.43 

CS4-1 

2.37 

2.20 

1.43 

CS2-1 

2.5S 

2.43 

1.43 

CS1-1 

2.37 

2.25 

1.43 

Again,  the  above-listed  data  are  based  on  counts,  which  of  course  skews  the 
statistics  toward  finer  particles,  and  should  only  be  used  for  comparison.  The 
results  indicate  the  particle  sizes  of  the  borings  were  similar,  with  CS4-1  and 
CS2-1  slightly  coarser  than  the  rest. 

Results  for  the  analysis  of  sample  CS4A-2  are  shown  in  the  cumulative  and 
differential  gradation  curves.  Figures  12  and  14.  The  median  size  based  on 
volume  or  mass  was  about  5.2  pm,  with  a  geometric  mean  of  6.23  pm  and  a 
geometric  standard  deviation  of  2.67.  The  following  tabulation  also  describes 
the  distribution. 


%> 

D.  um 

96 

1.59 

84 

2.34 

50 

5.11 

16 

16.58 

5 

30.84 

The  secondary  peaks  on  the  coarse  end  of  the  differential  plot  repeated  for 
both  orifices  and  are  probably  real.  A  mixture  of  sediments  or  organic  parti¬ 
cles  is  therefore  suggested. 

Six  settling  tests  were  perfonned.  Raw  data  as  percent  removed  or  settled 
versus  natural  log  of  time  in  minutes  are  shown  in  Figure  IS.  At  initial  con¬ 
centrations  (CJ  of  41,  102,  and  259  mg/L,  settling  was  slow,  and  50-percent 
removal  was  not  quite  reached  in  4  hr.  Results  were  extrapolated  to  estimate 
median  settling  velocities  and  were  found  to  be  similar  in  this  concentration 
range.  Settling  rates  at  higher  initial  concentrations  were  greater  and  increased 
with  concentration.  Figure  16  shows  a  plot  of  median  settling  velocities  versus 
concentration  and  a  suggested  relationship.  Settling  velocity  (W^  was  constant 
at  concentrations  below  260  mg/L  at  0.89  nun/sec.  At  concentrations  between 
260  and  1,800  mg/L,  W,(nun/sec)  =  5.5e-4  C(mg/L/^.  At  concentrations  of 
1,800  to  12,000  mg/L,  W,  was  probably  about  constant  at  1.25  mm/sec.  Hin¬ 
dered  settling  began  above  12,000  mg/L. 

Raw  data  from  the  consolidation  tests  are  shown  in  Figure  17.  Breaks  in 
the  lower  two  concentrations  suggest  that  initial  concentrations  of  deposited 
material  may  be  on  the  order  of  80  g/L.  The  behavior  of  the  material  at  the 
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Figure  14.  Differential  gradation  curve  for  sample  CS4A-2 
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beginning  of  the  highest  concentration  test  suggests  that  the  highest  order  floe 
density  may  have  been  reached  at  about  150  g/L. 

Shear  stress  tests  were  performed  at  the  in  situ  density  of  1 .354  g/cm^  and 
at  densities  of  1.3,  1.25,  1.20,  and  1.15  g/cm^  (corresponding  to  486,  405,  325, 
and  245  g/L).  The  in  situ  density  had  a  consistency  too  great  for  the  visco¬ 
meter.  Results  for  the  low  shear  portion  of  the  remaining  tests  are  shown  in 
Figure  18,  along  with  linear  regression  lines.  Results  for  Cs  =  486  g/L  were 
near  the  limit  of  the  instrument  and  were  somewhat  erratic.  Shear  stress  was 
plotted  as  dynes/  'm,  and  10  dynes/sq  cm  =  1  N/sq  m  =  1  pascal  (Pa). 

The  extrapoi.. . on  of  the  data  to  0.0  shear  indicated  a  yield  stress  for  the 
material.  A  further  extrapolation  to  low  concentrations  can  indicate  the  critical 
shear  stress  for  deposition.  The  assumption  is  that  at  dmsities  equivalent  to 
the  highest  order  floe,  critical  shear  stresses  for  erosion  and  deposition  become 
equal.  Based  on  the  estimates  of  highest  order  floe  density,  the  critical  shear 
stress  for  deposition  is  in  the  density  range  of  0.04  to  0.06  Pa. 

The  sediment  was  found  to  have  high  shear  strength.  Of  Krone’s  1963 
data,  it  was  most  similar  to  San  Francisco  sediments  (Krone  1963).  Figure  19 
shows  the  present  results.  Krone’s  results,  and  previous  flume  test  results  for 
San  Francisco  sediments.  The  flume  and  viscometer  data  for  San  Francisco 
sediments  do  not  match  very  well,  possiUy  because  of  the  time  scale  of  the 
measurements.  The  flume  tests  lasted  6  hr^.  and  it  was  found  that  erosion  was 


Figure  18.  Shear  stress  curves 
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Figure  19.  Comparison  of  versus  y,  for  both  sediments 


sporadic  and  increased  over  time.  Viscometer  tests  are  shon  duration,  and  the 
material  does  not  have  the  opportunity  to  fail  in  the  same  way  (creep,  crack¬ 
ing,  and  pitting).  Thus,  the  authors  would  suggest  using  a  critical  shear  stress 
(tj  function  similar  to  that  devel(q)ed  for  San  Francisco  sediments: 

^^(Pa)  =  18  Cs(g/cu  cm)^^ 


The  Models 

Two  main  computer  codes  were  utilized  in  the  modeling  of  the  Conemaugh 
River  Lake  and  its  main  tributaries.  The  computer  codes  consisted  of  UNET, 
a  one-dimensional  unsteady  hydraulic  model,  and  TABS-1,  a  one-dimensional 
steady  sedimentation  model. 

The  UNET  one-dimensional  unsteady  flow  model  was  used  to  develop  flow 
rates  at  each  section  used  in  this  study.  The  UNET  computer  program  devel¬ 
oped  by  Dr.  Robert  Baikau,  foimerly  of  the  U.S.  Aimy  Engineer  Hydrologic 
^gineering  Center  (USAEHEC),  is  licensed  for  use  within  the  Corps  of  Engi¬ 
neers  by  a  Corps-wide  license  (USAEHEC  1991a).  The  program  handles 
unsteady  flows  from  multiple  river  sources  through  channels  and/or  reservoirs. 
The  processor  uses  an  implicit  finite  difference  solution  technique  and 
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produces  a  one-dimensional  model  that  simulates  an  unsteady  hydrograph  pass¬ 
ing  through  a  channel  network  and/or  reservoir.  The  UNET  model  was  used 
in  order  to  capture  the  system  dynamics,  which  could  not  be  modeled  using 
either  a  Standard  HEC-6  or  TABS-1  model. 

The  TABS-1  one-dimensional  sedimentation  program  was  used  to  develop 
the  numerical  model  for  this  study.  Development  of  this  computer  program 
was  initiated  by  Mr.  William  Thomas  at  the  U.S.  Army  Engineer  District, 

Little  Rock,  in  1967.  Further  development  at  USAEHEC  by  Mr.  Thomas 
produced  the  HEC-6  generalized  computer  program  for  calculating  scour  and 
deposition  in  rivers  and  reservoirs  (USAEfffiC  1991b).  Additional  modifica¬ 
tion  and  enhancement  to  the  basic  program  by  Mr.  Thomas  at  the  WES  led  to 
the  TABS-1  program  currently  in  use.  TABS-1  is  considered  to  be  experi¬ 
mental  in  that  it  is  not  documented  to  the  point  that  it  can  be  made  available 
for  general  use,  but  can  be  made  available  by  special  request  The  program 
produces  a  one-dimensional  model  that  simul^s  a  series  of  steady-state 
discharge  events  and  their  effect  on  the  sediment  transport  capacity  at  cross 
sections  and  the  resulting  degradation  or  aggradation. 


Model  Adjustment 

UNET  adjustment 

The  UNET  unsteady  flow  model  was  adjusted  usii^  USGS-  and  Corps- 
supplied  data.  Average  daily  flow  data  from  the  USGS  gauging  stations  at 
Graceton,  Josephine,  and  Seward  were  used  as  the  basis  for  inflow  and  daily 
reservoir  stage  data  were  supplied  by  the  Pittsburgh  District.  The  records  from 
the  Graceton  and  Josephine  gauges  were  combined  and  used  as  inflow  for 
Blacklick  Creek  (Figure  2).  Data  from  the  Seward  gauge  was  used  as  inflow 
for  the  Conemaugh  River.  Inflow  data  from  the  Graceton  and  Josephine 
gauges  were  adjusted  by  a  factor  of  1.6  to  account  for  ungauged  contributions 
to  the  reservoir  inflow.  The  UNET  model  was  then  run  in  5-  to  6-year  incre¬ 
ments  to  simulate  the  entire  30-yr  period  of  record. 

Initial  attempts  at  model  adjustment  used  the  reservoir  releases  as  the  down¬ 
stream  boundary  condition  for  the  UNET  model.  The  calculated  water  surface 
elevation  in  the  dam  tended  to  drift  away  from  the  observed  values  due  to 
volume  differences  between  the  adjusted  reservoir  inflow  and  observed  out¬ 
flow.  To  eliminate  the  tendency  to  drift  away  from  the  observed  data,  the 
observed  water  surface  elevation  was  used  as  the  downstream  boundary  condi¬ 
tion.  The  result  was  that  while  the  calculated  reservoir  release  may  be  dif¬ 
ferent  from  the  observed  data  for  a  day  or  two,  due  to  storms  on  ungauged 
areas,  etc.,  the  model  very  rapidly  recovered  to  give  good  agreement  between 
calculated  and  observed  values. 

The  flashy  nature  of  the  Conemaugh  River  and  Blacklick  Creek  presented 
problans  for  the  UNET  model.  The  flow  in  both  the  Conemaugh  River  and  in 
Blacklick  Creek  would  vary  from  500  cfs  on  one  day  to  as  much  as  50,000  cfs 
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for  the  next  day  during  large  storm  events.  During  these  large  storm  events, 
the  UNET  model  would  become  unstable  and/or  predia  negative  flows  at  the 
dam.  A  “negative  flow”  signifies  that  water  is  flowing  in  the  upstream  direc¬ 
tion.  In  order  to  keep  the  model  stable,  some  of  the  large  flood  events  were 
smoothed  such  that  flow  the  day  prior  to  the  event  was  increased  by  about 
1,000  cfs  and  flows  at  the  peak  of  the  everu  reduced  by  a  like  amount.  This 
ai^Koach  conserved  mass  and  allowed  the  model  to  run  for  the  entire  30  years 
of  the  simulatioa 

In  comparing  the  flow  rates  and  volumes  calculated  by  the  UNEF  model 
with  the  observed  values,  it  was  noted  that  the  net  volume  of  water  released 
from  the  reservoir  as  predicted  by  the  UNET  model  was  very  close  to  the 
observed  value.  However,  it  appeared  that  the  pool  was  rising  in  the  model 
before  the  water  from  the  storms  reached  the  lower  portion  of  the  reservoir. 
This  resulted  in  negative  flows  at  the  dam,  and  an  amoum  of  water  equal  to 
the  negative  flow  was  then  discharged  from  the  reservoir  in  addition  to  the 
amount  actually  released  due  to  the  storm  events. 

The  net  release  volume  for  the  major  storm  events  as  calculated  by  the 
model  (when  negative  and  positive  flows  were  added  together)  was  very  close 
to  that  observed  at  the  project  site.  Hiis  indicated  a  {biasing  problem  in  the 
model.  In  order  to  reduce  the  number  of  negative  flows  predicted  by  the 
model,  die  pool  elevation  data  were  shifted  from  -1  to  +2  days.  In  this  pro¬ 
cess,  it  appeared  that  shifts  other  than  a  full  day  caused  no  difference  in  results 
produced  by  the  UNET  model.  The  optimum  shift  was  a  1-day  lag  of  pool 
elevation.  This  1-day  lag  produced  the  least  number  of  negative  flow  values. 

After  the  minimum  number  of  negative  values  was  obtained,  the  data  were 
manually  smoothed  to  remove  all  negative  flow  values  since  the  modified 
TABS-1  model  could  not  accept  negative  flows  for  its  calculations.  Negative 
flows  occurred  near  the  dam  and  at  the  confluence  of  the  (Zonemaugh  River 
and  Blacklick  Creek.  In  order  to  remove  the  negative  flows  from  the  UNET 
output,  the  pool  elevation  was  adjusted  such  that  the  rise  in  pool  elevation 
matched  the  inflow  of  water  during  an  event  This  normally  resulted  in  adjust¬ 
ing  the  pool  elevations  for  1  or  2  days.  Of  the  30  years  mt^eled  during  the 
simulation,  approximately  80  to  100  days  were  adjusted. 

The  adjustment  of  flows  to  eliminate  the  negative  flows  in  the  UNET  solu¬ 
tion  should  not  have  adversely  affected  the  final  solution,  as  the  flows  during 
these  adjustment  periods  were  in  the  lower  flow  regimes  that  immediately 
preceded  or  followed  a  significant  event.  During  these  low  flow  periods,  dre 
velocities  in  the  areas  involved  were  very  low,  and  the  amount  of  sediment 
carried  during  the  1  or  2  days  involved  in  each  adjustment  was  insignificant 
when  compared  with  the  amount  carried  during  peak  flows.  The  adjustments 
should  move  the  solution  closer  to  die  actual  trend  rather  than  introducing 
additional  errors.  It  is  suspected  that  the  negative  flows  are  due,  at  least  in 
part,  to  UNET’s  inability  to  account  for  data  shifts  of  less  than  a  full  day. 
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Minor  negative  flows  at  the  confluence  of  the  two  streams  and  upstream 
from  the  dam  were  removed  during  conversion  of  data  to  the  format  required 
by  the  adapted  TABS-1  model.  The  minor  negative  flows  (those  less  than 
1(X)  cfs)  were  corrected  by  taking  the  absolute  value  of  the  flow.  Values 
between  1(X)  and  1,(XX)  cfs  were  set  to  a  positive  flow  of  1(X)  cfs,  while  those 
greater  dian  1,(XX)  cfs  were  corrected  by  manipulating  pool  elevations.  It 
should  be  noted  that  the  process  of  manipulating  pool  elevations  was  extremely 
time-consuming,  sometimes  requiring  a  fuU-day  effort  to  correct  4  to  6  years 
of  data  depending  on  the  number  of  negative  values. 

The  calculated  UNET  flow  rates  at  each  cross  section  in  the  model  were 
then  foimatted  as  input  data  for  the  modified  TABS-1  model  and  were  used 
for  all  base  and  plan  simulations. 


TABS-1  model  adjustment 

The  TABS-1  sediment  model  was  adjusted  using  observed  sediment  dis¬ 
charge  rating  curves  obtained  from  the  Pittsburgh  District  (see  Figures  20  and 
21).  The  observed  inflowing  sediment  concentrations  were  not  aruilyzed  for 
grain  size  distribution.  The  only  other  sediment  data  consisted  of  sediment 
surveys  conducted  for  the  Conemaugh  River  Lake  in  1966  and  1982.  The 
sediment  surveys  contained  gradation  curves  for  the  bed  deposit  samples  taken 
during  the  surveys,  bed  elevations  at  the  surveyed  cross  sections,  and  observed 
specific  weights  of  the  sediment  deposits. 

Since  no  data  were  available  on  the  gradation  of  the  sediment  for  either  the 
Conemaugh  River  or  Blacklick  Creek,  the  model  had  to  be  adjusted  by  trial 
and  error  to  produce  the  {proximate  gradation  observed  in  the  bed  of  the 
reservoir.  This  effort  produced  results  as  shown  in  Figures  22-28.  Identical 
inflowing  gradations  were  used  for  the  Conemaugh  River  and  for  Blacklick 
Creek  since  no  data  were  available  for  either  stream. 

Once  the  gradation  had  been  adjusted,  the  concentration  of  the  inflowing 
sediment  was  adjusted  to  yield  observed  thalweg  elevations  and  deposition 
volumes.  In  order  to  match  the  thalweg  elevation  for  the  period  of  1953  to 
1966,  the  observed  concentration  was  multiplied  by  a  factor  of  5.  A  factor  of 
5  was  felt  to  be  reasonable  siiKe  the  sediment  loading  in  the  river  has  descrea- 
sed  significantly  with  time  due  to  the  reduction  of  mining  activities  in  the 
watershed.  The  use  of  a  multiplier  of  S  predicted  a  higher  volume  of  deposi¬ 
tion  than  was  estimated  by  the  sediment  survey,  but  reducing  the  concentration 
to  match  the  observed  volume  resulted  in  a  deposition  gradation  that  did  not 
match  diat  observed  in  the  prototype.  Since  the  observed  gradation  of  the 
reservoir  bed  was  one  of  the  few  hard  data  points  in  the  study,  it  was  decided 
that  the  observed  bed  gradation  was  mote  important  to  match  than  the  exact 
volume  of  deposition.  In  matching  the  observed  gradation,  the  model  would 
also  produce  the  observed  thalweg  elevation.  Conversely,  when  the  model  was 
adjusted  to  match  the  volume  of  deposition,  neither  the  observed  bed  gradation 
nor  the  thalweg  elevation  could  be  matched. 
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Figure  21 .  Conemaugh  River  sediment  load  versus  flow  cunre 
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Figure  22.  Comparison  of  observed  versus  TABS-1  calculated  sediment  gradation  curves 
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Figure  23.  Comparison  of  observed  versus  TABS-1  calculated  sediment  gradation  curves 
Range  D 
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Figure  24.  Comparison  of  observed  versus  TABS-I  calculated  sediment  gradation  curves, 
Range  G 


Figure  25.  Comparison  of  observed  versus  TABS-1  calculated  sediment  gradation  curves, 
Range  I 
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Using  the  model  mn  that  best  matched  the  observed  bed  gradation  and 
thalweg  elevations,  the  final  calculated  deposition  for  the  period  from  1953  to 
1966  (using  a  specific  weight  of  50  Ib/cu  ft)  was  1 1,342  acie-ft  as  compared 
with  5,223  acrc-ft  in  the  reservoir.  The  comparison  of  observed  and  calculated 
thalweg  elevations  is  shown  in  Figure  29.  After  numerous  runs  and  analyses 
of  resulting  bed  profiles  and  grain  size  distributions,  it  was  determined  that  the 
above  results  were  the  best  af^roximation  to  actual  conditions  in  the  reservoir 
m  1966. 

The  TABS-1  model  was  then  run  for  the  period  from  1966  to  1982,  and 
concentrations  were  adjusted  to  obtain  the  1982  observed  bed.  The  best  results 
were  obtained  at  a  concentration  of  2.6  times  the  1990  observed  conceritration. 
The  resulting  thalweg  elevations  are  also  shown  in  Figure  29.  The  volume  of 
deposition  for  this  run  closely  matched  the  observed  volume  with  the  model 
predicting  6,017  acre-ft  compared  with  6,119  acre-ft  observed  in  the  reservoir 
from  1966  to  1982. 

Total  volume  of  deposits  for  the  simulation  was  17,359  acre-ft  compared 
with  an  observed  value  of  11,342. 
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Figure  29.  1966  and  1982  thalweg  elevations,  observed  versus  calculated 


Results  of  sediment  samples  taken  in  1991  and  analyzed  at  WES  indicated 
a  sediment  unit  weight  on  the  order  of  78  Ib/cu  ft.  This  value  was  used  in  the 
simulation  from  1966  to  1982  and  for  all  alternative  evaluations. 


Results 


After  model  adjustment  was  completed,  four  alternatives  were  tested: 

(a)  the  no  action  or  Base  Test  condition,  (b)  Plan  1,  which  consisted  of  in¬ 
creasing  the  minimum  flow  at  the  dam  from  30  to  200  cfs,  (c)  Plan  2,  which 
featured  a  dredged  channel,  and  (d)  a  variation  of  Plan  2,  which  featured  the 
dredged  chaimel  but  no  hydropower.  All  alternatives  used  the  same  reservoir 
operating  rule  curves.  When  the  dam  went  into  operation  in  1952,  the  target 
pool  elevation  was  880  ft  NGVD;  however,  the  minimum  pool  elevation  was 
860  it  NGVD.  Operation  records  indicate  that  the  minimum  pool  elevation 
was  gradually  raised  from  880  to  890  ft  NGVD  over  the  next  30  years.  The 
hydropower  plant  began  operating  in  February  1989,  and  the  minimum  pool 
elevation  was  raised  to  900  ft  at  that  time. 
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Base  Test 


The  geometric  model  was  changed  from  the  1952  adjustment  geometry  to 
the  1982  surveyed  cross  sections.  The  sediment  deposits  were  allocated  to  the 
bed  sediment  reservoir  and  were  partitioned  into  size  classes  using  the  grada¬ 
tion  data  collected  in  1982.  The  observed  inflowing  sediment  concentrations 
from  1991  and  tlK  particle  size  distributions  that  were  developed  during  model 
adjustment  were  used  for  the  inflowing  sediment  load.  These  were  constant 
for  the  entire  simulation  hydrogn^h.  The  hydraulic  roughness  values  were  not 
changed  from  diose  used  in  die  model  adjustment. 

The  hydrologic  data  set  was  modified  to  pass  flow  through  the  hydropower 
plant  and  to  raise  the  qieiating  pool  elevation  to  900  ft  NGVD.  The  direct 
approach  for  such  a  change  was  to  rerun  UNET.  However,  the  UNET  results 
develt^ied  for  model  adjustment  contained  negative  flows  because  of  numerical 
instabilities  in  the  calculations.  Consequendy,  the  flow  hydrographs  that  were 
used  in  model  adjustment  were  modified  analytically  for  the  Base  Test  condi¬ 
tions  as  follows: 

a.  The  operation  of  the  hydropower  plant  was  simulated  by  subtracting 
hydropower  discharges  from  the  reservoir  flows  at  cross  section  1.8,  the 
location  of  the  hydropower  plant 

b.  The  change  in  minimum  operating  pool  elevation  was  accomplished  by 
adding  the  volume  of  water  stored  between  elevations  880  and  900  to 
each  day  of  the  simulation.  This  procedure  raised  the  starting  elevation 
20  ft  to  correspond  to  die  elevation  900  pool.  However,  at  maximum 
pool,  the  increase  in  elevation  was  only  O.S  ft. 

Results  ftom  the  Base  Test  simulation  are  labeled  the  “No  Action”  condi¬ 
tion  in  Figure  30.  Specific  conditions  are  as  follows: 

a.  Initial  geometry  adjusted  to  1982  conditions. 

b.  Minimum  pool  at  elevation  900. 

c.  Hydropower  generation  at  mile  1.8. 

d.  Minimum  flow  bypassing  the  hydropower  plant  is  30  cfs. 

The  objective  of  this  test  is  to  predia  the  volume  and  location  of  sediment 
deposits  in  the  reservoir  for  the  elevation  900  minimum  pool  with 
hydropower— that  is,  the  existing  operating  condition.  The  simulation  pre¬ 
dicted  no  significant  new  deposition  upstream  from  the  hydropower  plant  when 
compared  with  the  1982  reservoir  delta  profile.  Figure  30.  However,  down¬ 
stream  from  the  hydropower  plant,  an  additional  20  ft  of  deposition  is 
predicted  during  the  30-year  simulation.  The  volume  of  deposition  is 
9,694  acre-ft. 
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Figure  30.  Calculated  thalweg  elevations  for  Base  Test  and  Plan  1 

Plan  1 


This  plan  differs  from  the  Base  Test  only  in  the  minimum  flow  allowed  to 
bypass  the  hydroplant.  In  the  Base  Test,  that  minimum  was  30  cfs.  In  this 


plan,  the  minimum  flow  was  increased  to  200  cfs.  Model  conditions  are  as 


follows: 


a.  Initial  geometry  adjusted  to  1982  conditions. 
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b.  Minimum  pool  at  elevation  900. 

c.  Hydropower  generation  at  mite  1.8. 

d.  Minimum  flow  bypassing  the  hydropower  plant  is  200  cfs. 

Results  are  shown  in  figure  30.  There  would  be  about  a  6-percent  reduction 
in  the  volume  of  deposition  with  this  alternative  as  compared  with  the  Base 
Test.  That  reduction  occurred  between  the  dam  and  the  hydropower  plant. 


Plan  2 

This  is  a  dredging  plan  supplied  by  the  Pittsburgh  District.  It  has  a  SOO-ft 
base  width  at  the  dam  (cross  section  0.10)  and  tapers  to  a  triangular  charmel  at 
mile  0.17  upstream  of  the  dam.  The  triangular  channel  continues  to  the  cross 
section  at  8.77  miles  upstream  from  the  dam.  This  is  just  downstream  from 
the  confluence  of  Blacklick  Creek  and  the  Conemaugh  River.  The  hydrology 
was  developed  using  the  same  techrtique  described  for  Plan  1.  However,  the 
minimum  flow  bypassing  the  hydropower  plant  was  set  to  30  cfs,  which  is  the 
same  as  that  used  in  the  Base  Test.  The  initial  dredged  profile  and  the  calcu¬ 
lated  bed  profile  after  the  30-year  flow  simulation  ate  shown  in  Figure  31. 

The  30-year  calculated  profile  is  labeled  “Dredge+High  Pool  WP,”  which 
stands  for  the  following: 

a.  Initial  dredging. 

b.  Minimum  pool  at  elevation  900. 

c.  Hydropower  generation. 

d.  Minimum  flow  bypassing  the  hydropower  plant  is  30  cfs. 

The  predicted  volume  of  deposition  is  10,869  acre-ft,  which  is  12  percent 
greater  than  the  Base  Test  value.  That  reflects  the  increase  in  the  cross- 
sectional  area  as  the  result  of  dredging.  The  bed  profile  plot  shows  that  a 
substantial  portion  of  that  deposition  will  occur  downstream  from  mile  1.8,  the 
location  of  the  hydropower  plant 


Sensitivity  testing 

Upon  completion  of  Plan  2,  the  Pittsburgh  District  requested  the  evaluation 
of  an  alternative  that  would  separate  the  influence  of  dredging  from  that  of 
hydropower  generation  and  the  higher  minimum  pool  elevation  on  deposition. 
Tlie  test  combined  the  dredging  plan  with  the  initial  reservoir  operation  plan. 
This  new  alternative  is  called  Plan  2,  Rim  2,  and  it  contains  the  following 
features: 
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ELEVATION  (FEET) 


DISTANCE  UP  CHANNEL  (MILES) 


Figure  31 .  Calculated  thalweg  elevations  for  Plan  2 


a.  Initial  dredging  same  as  Plan  2. 

b.  Minimum  pool  at  elevation  880. 

c.  No  hydropower  generation,  same  as  Base  Test. 

d.  All  flow  bypassing  hydropower  plant. 
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The  results  from  this  test  are  labeled  “Dredge+Low  Pool  NP”  in  Figure  31. 

The  volume  of  deposition  is  predicted  to  be  5,240  acre-ft,  which  is  48  percent 
of  the  Plan  2  test  with  hydropower. 

After  initial  dredging  to  remove  the  sediments  from  the  dam,  it  is  possible 
that  a  system  such  as  that  used  by  Hotchkiss  (1992)  would  be  capable  of 
removing  accumulated  sediments  from  the  base  of  the  reservoir  upstream  from 
the  dam.  The  method  used  by  Hotchkiss  consists  of  an  outlet  pipe  that  is  built 
into  an  existing  low-level  sluice  gate  as  shown  in  Figure  32.  The  upstream 
end  of  the  pipe  is  then  extended  sufficiently  to  reach  an  area  of  sediment 
accumulation,  and  the  pipe  inlet  is  either  left  on  the  bottom  of  the  reservoir  to 
continuously  pass  sediment  or  positioned  by  a  barge  such  that  the  pipe  inlet 
can  be  moved  from  one  area  of  sediment  deposition  to  another.  This  move¬ 
ment  of  the  pipe  within  the  reservoir  can  remove  deposited  sediment  from  a 
much  wider  area  of  the  reservoir  near  the  dam. 


Dam 


Outlet 


Figure  32.  Single  submerged  pipeline  release  system 


The  downstream  end  of  the  pipe  can  be  extended  to  deposit  sediment  at  any 
desired  location  —  in  this  case,  probably  into  the  discharge  from  the  hydro- 
power  turhines.  This  will  help  reduce  two  problems.  First,  the  water  from  the 
power  turbines  is  out  of  equilibrium  with  its  sediment  load,  having  just  depos¬ 
ited  nearly  its  entire  sediment  load  in  the  reservoir.  This  sediment  deficiency 
must  be  made  up  with  material  from  the  bed  and  banks  of  the  downstream 
channel.  The  sediment  deposited  upstream  in  the  reservoir  by  the  clear  water 
released  through  the  power  turbines  obviously  causes  problems  in  the  long¬ 
term  operation  of  the  dam  and  needs  to  be  removed  to  ensure  long-term  opera¬ 
bility  of  the  reservoir. 
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Since  energy  requirements  are  reportedly  extremely  low  or  nonexistent  for 
the  method  used  by  Hotchkiss  and  consist  almost  exclusively  of  energy  to 
move  the  barge  sui^rting  the  pipe  inlet,  the  cost  of  this  sediment  removal 
method  should  be  very  low  after  the  initial  equipment  is  in  place.  The  rate  of 
sediment  removal  from  the  reservoir  can  be  controlled  by  means  of  a  valve  on 
the  inpe  if  necessary.  Within  the  constraints  of  hydraulics,  the  method  could 
provide  a  means  of  removing  sediment  accumulations  in  the  lower  end  of  the 
reservoir  at  low  cost. 

The  sediment  {daced  in  the  downstream  flow  can  be  controlled  to  match 
hydropower  releases  or  allowed  to  accumulate  until  flow  was  sufficient  to 
carry  the  removed  sediments  downstream.  The  preferred  method  would  prob¬ 
ably  be  to  match  the  flow  of  sediment  from  the  reservoir  to  the  flow  from  the 
hydropower  plant  to  restore  some  of  the  deposited  sediment  to  the  downstream 
flow.  The  concentration  of  suspended  sediment  in  the  downstream  flows 
should  be  low  enough  that  little  if  any  difference  could  be  observed  at  the  city 
water  intakes  located  farther  down  the  Conemaugh  River. 

Hotchkiss  noted  that  the  legal  implications  of  this  method  are  as  yet 
unclear.  One  of  the  unanswered  questions  includes  a  determination  of  whether 
the  discharged  sediment  be  considered  dredge  material  or  whether  it  will  be 
considered  part  of  the  natural  system.  There  are  also  a  number  of  odier  ques¬ 
tions  remaining  to  be  answered.  For  this  particular  reservoir,  tl^  benefits  in 
the  reduction  or  control  of  long-term  deposition  in  the  channel  should  be  sig¬ 
nificant  enough  to  justify  further  investigation  of  this  method.  A  research  trial 
of  this  method  could  be  conducted  prior  to  full-scale  implication  to  test  the 
api^cability  of  the  method  to  the  Conemau^  River  Reservoir. 

The  agitation  of  sediment  to  facilitate  its  passage  through  the  gate  structure 
could  be  performed  in  conjunction  with  the  method  being  investigated  by 
Hotchkiss  as  described  above.  Concerns  about  water  quality  for  downstream 
deliveries  would  have  to  be  addressed  if  large  quantities  were  to  be  released. 

Sediment  has  been  removed  by  the  flushing  of  reservoirs,  but  this  is  not 
desirable  due  to  the  extremely  high  sediment  concentrations  that  are  involved. 
These  very  high  concentrations  can  kill  fish  and  cause  sedimentation  in  down¬ 
stream  inlet  structures  for  very  long  distances  downstream  from  the  reservoir. 
The  water  would  also  not  be  suitable  for  murricipal  or  industrial  uses. 

The  retention  and  or  the  removal  of  sediment  in  the  area  of  Blacklick  Creek 
was  considered  not  feasible  due  to  the  very  fine  nature  of  the  sediment.  The 
material  is  being  transported  as  suspended  load  and  would  not  readily  deposit 
unless  conditions  in  a  sediment  trap  were  similar  to  those  in  the  reservoir  near 
the  dam,  i.e.,  low  velocities  for  extended  periods  of  time. 

Sediment  retention  at  the  hydropower  plant  would  be  very  difficult,  again 
due  to  the  very  fine  nature  of  the  sediment.  The  passing  of  the  sediment  load 
through  the  hydropower  plant  would  damage  turbine  blades,  even  in  the  event 
the  sediment  could  be  diverted  at  the  hydropower  intake. 
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From  the  numerical  model  studies,  it  appears  that  sediment  will  accumulate 
to  the  normal  level  of  the  pool  unless  some  action  is  taken,  wherever  that  level 
may  be. 
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4  Conclusions  and 
Recommendations 


Conclusions 

Based  on  the  results  of  the  settling  and  elutriate  tests,  the  following  is 
concluded: 

a.  The  Conemaugh  River  Lake  sediment  exhibited  zone  settling  with  a 
settling  rate  of  0.101  ft/hr.  The  zoi^  settling  behavior  of  the  sediment 
indicates  that  16.0  acres  minimum  surface  area  would  be  required 
assuming  an  8-in.  dredge  size. 

b.  Effluent  total  suspended  solids  concentration  after  2.S0  days  under 
quiescent  settling  conditions  is  predicted  at  60  mg/L.  A  minimum 
ponding  surface  area  of  49  acres  is  required  assuming  a  minimum  of 
2-fit  ponding  depth. 

c.  The  removal  of  350,000  yd^  of  dredged  material  requires  37  acres  of 
initial  storage  and  a  dredged  materia!  storage  depth  of  6  ft. 

d.  The  bulk  chemical  analyses  indicate  that  the  sediment  to  be  dredged 
has  elevated  levels  of  metals  and  cyanide.  PCBs  were  less  than  0.002 
mg/kg  except  PCB-1254  with  average  concentration  of  0.074  mg/kg. 
1,2,4  TricMorobenzene  was  detected  at  10.7  mg^g. 

e.  The  modified  elutriate  test  indicates  that  the  effluent  from  the  CDF  may 
also  contain  dissolved  metals  such  as  cadmium  (0.0017  mg/L),  bariiun 
(0.298  mg/L),  iron  (0.175  m^),  and  manganese  (0.093  mg/L). 

/.  The  modified  elutriate  test  indicates  that  the  total  elutriate  may  contain 
particle-associated  metals  such  as  copper  (0.001  mg/L),  aluminum 
(0.042  mg/L),  barium  (0.332  mg/L),  iron  (0.228  mg/L),  and  manganese 
(0.092  m^). 

g.  The  organic  analytes  and  cyanide  were  less  than  detection  limit  in  the 
modified  elutriate  test. 
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h.  The  modified  elutriate  test  shows  a  total  and  a  dissolved  cyanide  con¬ 
centration  of  <0.005  ppm  each.  Possible  explanations  for  no  detection 
of  cyanide  in  the  elutriate  test  are  the  oxidation  that  occurs  during  the 
elutriate  test,  and  the  cyanide  may  be  in  a  form  that  remains  attached  to 
the  sediment. 

i.  The  total  effluent  concentrations  were  calculated  to  be  less  than  the 
Federal  Water  Quality  Criteria,  indicating  no  need  to  conduct  an  evalu¬ 
ation  of  mixing. 

j.  The  predicted  total  effluent  concentration  of  cadmium  (0.0017  mg/L) 
was  slightly  higher  than  the  fresh  chronic  criteria  (0.001 1  mg/L). 

Based  on  the  model  testing  results  conducted  in  this  study,  the  following 
conclusions  are  made. 

a.  With  omtinued  operation  and  no  sediment  removal,  the  sediment 
deposit  can  be  expected  to  a{^roach  the  operating  level  of  the  pool. 

This  is  true  whedier  the  pool  is  at  elevatim  880,  elevation  9(X),  or 
el  910  ft  NGVD. 

b.  Dredging  of  sediment  currently  in  the  reservoir  will  increase  the  water 
depth  and  chaimel  capacity  upstream  from  the  dam,  but  the  elevation  of 
sediment  immediately  upstream  ftom  the  dam  will  return  to  depths 
associated  with  no  dredging  options  within  the  30  years  simulJOed  with 
the  TABS-1  model. 

c.  The  increase  in  pool  elevation  associated  widi  the  production  of  power 
also  increases  the  maximum  depth  of  deposition  for  both  the  dredge 
and  no-dredge  options. 

d.  The  diversion  of  flows  through  the  hydropower  facility  has  reduced 
flow  in  the  main  channel,  thus  increasing  sediment  deposition  in  the 
reservoir  between  the  hydropower  inlet  ar.  the  dam. 


Recommendations 

Based  on  the  results  of  this  study,  it  is  recommended  that  the  settling  test 
results  and  the  modified  elutriate  test  results  be  utilized  for  the  proper  design 
of  a  CDF  to  store  the  Conemaugh  River  Lake  dredged  material.  Based  on 
results  of  the  bulk  chemistry  analysis,  it  is  recorrunended  that  an  additional 
study  be  conducted  to  determine  why  cyanide  concentration  was  high  in  the 
sediment  and  not  detected  in  the  modified  elutriate  test  anc  to  determine  the 
source  of  cyanide  contamination. 

It  is  also  recommended  that  a  sediment  removal  system  similar  to  that 
described  by  Hotchkiss  (1982)  be  considered  and  perhaps  an  experimental  trial 
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be  conducted  in  an  attempt  to  control  long-term  deposition  in  the  reach  of  the 
reservoir  above  the  dam.  This  could  be  coupled  with  agitation  near  the  pipe 
inlet  to  increase  the  effectiveness. 
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Table  A1 

Bulk  Chemistry  Analysis 

Anaiyto 

Cortcentratlon'  || 

Sample  1 

Sample  2 

Sample  3 

Average 

Semlvolatlles 

Phenol 

<3.3 

<3.3 

<6.4 

<4.3 

2-Chlorophenol 

<3.3 

<3.3 

<6.4 

<4.3 

2-Nitrophenol 

<3.3 

<3.3 

<64 

<4.3 

2,4-Oimethylphenol 

<33 

<33 

<64 

<4.3 

2,4-Dichlorophenol 

<3.3 

<3.3 

<6.4 

<4.3 

4-Chloro-  3-Methy  Iphenol 

<6.6 

<6.6 

<13 

<8.7 

2,4,6-T  richlorophenol 

<3.3 

<3.3 

<6.4 

<4.3 

2,4-Dinitrophenol 

<16 

<16 

<32 

<21 

4-Nitrophenol 

<16 

<16 

<32 

<21 

2-Methyl-4.6-Dinotrophenol 

<16 

<16 

<32 

<21 

Pentachlorophenol 

<16 

<16 

<32 

<21 

Benzoic  Acid 

<16 

<16 

<32 

<21 

2-Methylphenol 

<3.3 

<3.3 

<64 

<4.3 

4-Methylphenol 

0.40J 

<3.3 

<6.4 

<4.3 

2,4,5-Trichlorophenol 

<3.3 

<3.3 

<6.4 

<4.3 

Benzyl  Alcohol 

<6.6 

<6.6 

<13 

<0.7 

N-Nitrosodimethylamine 

<3.3 

<3.3 

<6.4 

<4.3 

Bis(2-Chloroisopropyl)Ether 

<3.3 

<3.3 

<6.4 

<4.3 

N-Nitroso-Di-N-Propylamine 

<3.3 

<3.3 

<6.4 

<4.3 

Nitrobenzene 

<3.3 

<3.3 

<6.4 

<4.3 

Isophorone 

<3.3 

<3.3 

<6.4 

<4.3 

Bis(2-Chloroethoxy)Methane 

<3.3 

<3.3 

<6.4 

<4.3 

2,6-DinitrDtoluene 

<3.3 

<3.3 

<6.4 

<4.3 

2.4-Oinitrotoluene 

<3.3 

<3.3 

<6.4 

<4.3 

1 ,2-Diphenylhydrazine 

<3.3 

<3.3 

<6.4 

<4.3 

Benzidine 

<16 

<16 

<32 

<21 

3,3'Dichlorobenzidine 

<3.3 

<3.3 

<6.4 

<4.3 

Bis(2-Chloroethyt)Ether 

<3.3 

<3.3 

<6.4 

<4.3 

1 ,3-Oichlorobenzene 

<3.3 

<3.3 

<6.4 

<4.3 

1 ,4-Dichlorobenzene 

<3.3 

<3.3 

<6.4 

<4.3 

1 ,2-Dichlorobenzene 

<3.3 

<3.3 

<6.4 

<4.3 

Hexachloroethane 

<33 

<3.3 

<6.4 

<4.3 

1 ,2,4-T  richlorobenzene 

12 

10.5 

9.7 

10.7 

Naphthalene 

<3.3 

<3.3 

<6.4 

<4.3 

(Sh0»t  1  of  4) 

H  '  Parameter  concentration  units  are  in  mg/kg 
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Table  A1  (Continued) 

Concentration' 

Analyte 

Sample  1 

Sample  2 

Sample  3 

Average  | 

Samlvelatilea  (Continued) 

_ 1 

Hexachlorobutadiene 

<3.3 

<3.3 

<6.4 

<4.3 

Hexachlorocydopentadiene 

<3.3 

<3.3 

<6.4 

<4.3 

2-Chloronaphthalene 

<3.3 

<3.3 

<6.4 

<4.3 

Acenaphthyiene 

<3.3 

<3.3 

<6.4 

<4.3 

II  Dimethyl  Phthalate 

<3.3 

<3.3 

<6.4 

<4.3 

Acenaphthene 

0.3J 

<3.3 

<6.4 

<4.3 

Fluorene 

0.89J 

0.72J 

1.2J 

0.94J 

Diethyl  Phthalate 

<3.3 

<3.3 

<6.4 

<4.3 

4-Chlorophenyl  Phenyl  Ether 

<3.3 

<3.3 

<6.4 

<4.3 

N-Nitrosodiphenyl  Amine 

<3.3 

<3.3 

<6.4 

<4.3 

4-Bromophenyl  Ether 

<3.3 

<3.3 

<6.4 

<4.3 

Hexachlorobenzene 

<3.3 

<3.3 

<6.4 

<4.3 

Phenanihrene 

3.1J 

2.6J 

9.2 

5.0 

Anthracene 

1.2J 

1.04J 

5.0J 

2.4J 

Dibutylphthalate 

<3.3 

<3.3 

<6.4 

<4.3 

Fluoranthene 

3.1J 

2.6J 

9.3 

5.0 

Pyrene 

3.5 

3.6J 

13 

6.7 

Butylbenzylphthalate 

3.3 

<3.3 

<6.4 

<4.3 

Chrysene 

2.5J 

2.4J 

7.6 

4.2 

Benzo(a)Anthraoene 

1.4J 

1.3J 

S.1J 

2.6J 

Bis(2-Ethylhexyl)Phthalate 

1.0J 

<3.3 

<6.4 

<4.3 

Di-N-Octylphthalate 

<3.3 

<3.3 

<6.4 

<4.3 

Benzo(b)Fluoranthene 

1.4J 

1.2J 

3.9J 

2.2J 

Benzo(k)Fluoranthene 

1.4J 

1.2J 

3.9J 

2.2J 

Benzo(a)Pyrene 

0.85J 

0.43J 

2.0J 

1.1J 

lndeno(1 ,2,3-C,D)Pyrene 

<3.3 

<3.3 

<6.4 

<4.3 

Dibenzo(A,H)Anthraoene 

<3.3 

<3.3 

<6.4 

<4.3 

Benzo(G,H,l)Perylene 

<3.3 

<3.3 

<6.4 

<4.3 

Aniline 

<6.6 

<6.6 

<13 

<8.7 

4-Chloroaniline 

<6.6 

<6.6 

<13 

<8.7 

Dibenzofuran 

0.78J 

0.74J 

0.83J 

0.78J 

2-Methylnaphthalene 

1.5J 

1.4J 

1.3J 

1,4J 

2-Nitroaniline 

<16 

<16 

<32 

<21 

3-Nitroaniline 

<16 

<16 

<32 

<21 

4-Nitroaniline 

<16 

<16 

<32 

<21 

Total  Organic  Carbon 

27,337 

25,599 

29,680 

27,538 

( 
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1  Table  A1  (Continued)  | 

Concantration'  || 

Analyte 

Sample  1 

Sample  2 

Sample  3 

Average  || 

Metals 

1 

Antimony 

<0.005 

<0.005 

<0.005 

<0.005 

Arsenic 

50 

52 

51 

51 

BeryHkjm 

9.0 

9.0 

8.9 

9.0 

Cadmium 

4.14 

4.20 

2.40 

3.58 

Chromium 

49.2 

52.2 

456 

49.0 

Copper 

82.7 

84.7 

824 

83.3 

Lead 

587 

546 

577  1 

Mercury 

1.0 

1.0 

1.0 

1.0 

Nickel 

32.2 

34.2 

32.4 

32.9 

Selenium 

1.30 

1.30 

1.40 

1.33 

Silver 

0.500 

0.400 

0.400 

0.433 

Thallium 

2.90 

3.00 

2.70 

2.87 

Zinc 

556 

585 

549 

563 

Aluminum 

21,950 

22,300 

21,700 

21,963 

Barium 

349 

351 

344 

348 

Iron 

121,500 

123,000 

122,000 

122,167 

I  Manganese 

960 

977 

986 

974 

I  Cyanido 

Cyanide 

529 

585 

762 

625 

Paatieidea/PCBa 

Aldrin 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

A-BHC 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

B-BHC 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

G-BHC 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

D-BHC 

<0.0002 

<0  0002 

<0.0002 

<0.0002 

PPODD 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

PPODE 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

PPDDT 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Heptachlor 

0.0066 

0.0078 

<0.0002 

0.0073 

Dieldrin 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

A-EndosuHan 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

B-EndosuHan 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Endosulfan  sulfate 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Endrin 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Endrm  Aldehyde 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Heptachlor  Epoxide 

<0.0002 

<0.0002 

<0.0002 

<0.0002 

Methoxychlor 

<0.0002 

<0.0002 

^0.0002 

<0.0002 

II 
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Table  A1  (Concluded) 


Concantrstlon'  | 

Analyte 

Sample  1 

Sample  2 

Sample  3 

Average  | 

Pesticidea/PCBa  (Continued)  | 

Chlordane 

<C.002 

<0.002 

0.002 

<0  002 

Toxaphene 

<0.002 

<0.002 

<0.002 

<0.002 

PCB-1016 

<0.002 

<0.002 

<0.002 

<0.002 

PCB-1221 

<0.002 

<0.002 

<0.002 

<0.002 

PCB-1232 

<0.002 

<0.002 

<0.002 

<0  002 

PCB-1242 

<0.002 

<0.002 

<0.002 

<0.002 

PCB-1248 

<0.002 

<0.002 

<0.002 

<0.002 

PCB-1254 

0.060 

0.003 

0.069 

0.074 

PCB-1260 

<0.002 

<0.002 

<0.002 

<0.002 

(Shmt4o14) 
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1  Table  A3 

1  Modified  Elutriate  Test  Chemical  Data 

1  Analyte 

Concentration,  ppm  || 

Total 

Oisaolvad  || 

1  Semivolatiles 

Phenol 

<0.010 

<0.010 

2-Chlorophenol 

<0.010 

<0  010 

2-Nitrophenot 

<0.010 

<0.010 

2.4-Ojniethylphenol 

<0.010 

<0  010 

2,4-Oichlorophenol 

<0.010 

<0.010 

4-Chloro-3-Methylphenol 

<0.020 

<0.020 

2.4,6-Trichlorophenol 

<0.010 

<0.010 

2,4-Djnitrophenol 

<0.050 

<0.050 

4-Nitrophenot 

<0.050 

<0.050 

2-Methyl-4,6-0inotrophenol 

<0.050 

<0.050 

Pentachlorophenol 

<0.050 

<0.050 

Benzoic  Add 

<0.050 

<0.050 

2-Melhylphenol 

<0.010 

<0010 

4-Methylphenol 

<0.010 

<0.010 

2,4,5-Tnchlorophenol 

<0.010 

<0.010 

Benzyl  Alcohol 

<0.020 

0.002J 

N-Nitrosodimethylamine 

<0.010 

<0.010 

Bjs(2-Chloroisopropyl)Ether 

<0.010 

<0.010 

N-Nitroso-Oi-N-Propylamine 

<0.010 

<0.010 

Nitrobenzene 

<0.010 

<0.010 

Isophorone 

<0.010 

<0.010 

Bis(2-Chloroethoxy)Methane 

<0.010 

<0.010 

2,6-Oinitrotoluene 

<0.010 

<0.010 

2,4-Dinitrotoluene 

<0.010 

<0.010 

1 ,2-Oiphenylhydrazine 

<0.010 

<0.010 

Benzidine 

<0.050 

<0.050 

3,3'Dichlorobenzidlne 

<0  020 

<0  020 

Bis(2-Chloroethyl)Ether 

<0.010 

<0.010 

1 ,3-Oichlorobenzene 

<0.010 

<0.P10 

1 ,4-Dichlorobenzene 

<0.010 

<0.010 

1 .2-Dichlorobenzene 

<0.010 

<0.010 

Hexachloroethane 

<0.010 

<0.010 

1 ,2,4-T  richlorobenzene 

<0.010 

<0.010 

Naphthalene 

<0.010 

<0.010 

Hexachlorobutadiene 

<0.010 

<0.010 

Hexachlorocydooentadiene 

<0.010 

<0.010 
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1  Table  A3  (Continued)  | 

Concentration,  ppm  | 

Analyte 

Total 

Oiaaoivad 

Semivolalilea  (Continued) 

2-Chioronaphthalene 

<0.010 

<0.010 

Acenaphthylene 

<0.010 

<0.010 

Oiniethyl  Phthalate 

0  0054J 

0.0062J 

Acenaphthene 

<0.010 

<0.010 

Fluorene 

<0.010 

<0.010 

Diethyl  Phthalate 

<0.010 

<0.010 

4-Chlorophenyl  Phenyl  Ether 

<0.010 

<0.010 

N'Nitrosodiphef  lyl  Amine 

<0.010 

<0.010 

4-Bn)mophenyl  Ether 

<0.010 

<0.010 

HexachlorDbenzene 

<0.010 

<0.010 

Phenanthrene 

<0.010 

<0.010 

Anthracene 

<0.010 

<0.010 

Dibutytphthalate 

<0.010 

<0.010 

Fluoranthene 

<0.010 

<0.010 

Pyrene 

<0.010 

<0.010  1 

Bufyberuylphthaiate 

0.0020J 

0.0032J 

Chrysene 

<0.010 

<0.010 

Ben2o(a)Anthraoene 

<0.010 

<0.010 

Bis(2-Ethylhexyl)Phthalats 

<0.010 

<0.010 

Di-N-Octylphthalate 

0.0027J 

0.0032J 

Benzo(b)Fluoranthene 

<0.010 

<0.010 

Benzo<k)Ftuoranthene 

<0.010 

<0.010 

Benzo(a)Pyrene 

<0.010 

<0.010 

lndeno(1 ,2,3-C,D)Pyrane 

<0.010 

<0.010 

Dibenzo(A,H)Anthreoene 

<0.010 

<0.010 

Benzo(G,H,l)Perylene 

<0.010 

<0.010 

Aniline 

<0.020 

<0.020 

4-Chloroaniline 

<0.020 

<0.020 

Dibenzofura 

<0.010 

<0.010 

2-Methylnapr.c.  dne 

<0.010 

<0.010 

2-Nitroaniline 

<0.050 

<0.050 

S-Nitroaniline 

<0.050 

<0.050 

4-Nitroaniline 

<0.050 

<0.050 

Total  Organic  Carbon 

23.4 

21.8 

Metaia 

1 

Antimony 

<0.003 

<0.003 

Arsenic 

<0.00i 

<0.005 

1  (Shmt2of4)  1 
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Table  A3  (Continued) 

Concantratlon,  ppm 

Analyte 

Total 

Dissolved 

Metals  (Condnuad) 

Beryllium 

<0.005 

<0.005 

Cadmium 

<0.0001 

0.0017 

Chromium 

<0.001 

<0.001 

Copper 

0.001 

<0.001 

Lead 

<0  001 

<0.001 

Mercury 

<0.0002 

<0  0002 

Nickel 

<0.002 

<0.002 

Selenium 

<0.003 

<0.003 

Silver 

<0.002 

<0.002 

Thallium 

<0.002 

<0.002 

Zinc 

<0.030 

<0.030 

Aluminum 

0.042 

<0.030 

Barium 

0.332 

0.298 

Iron 

0.228 

0.1TO 

Manganese 

0.092 

0.093 

_ II 

1  Cyanide 

<0.005 

<0.005  1 

y  Poeticidoa/PCBs  {| 

Aldrin 

<0.00001 

<0.00001 

A-BHC 

<0.00001 

<0.00001 

B-BHC 

<0.00001 

<0.00001 

G-BHC 

<0.00001 

<0.00001 

D-BHC 

<0.00001 

<0.00001 

PPDDD 

<0.00001 

<0.00001 

PPDDE 

<0.00001 

<0.00001 

PPDDT 

<0.00001 

<0.00001 

Heptachlor 

<0.00001 

<0.00001 

Dieldrin 

<0.00001 

<0.00001 

A-Endoeulfan 

<0.00001 

<0.00001 

B-Endosulfan 

<0.00001 

<0.00001 

Endoeulfan  sultate 

<0.00001 

<0.00001 

Endrin 

<0.00001 

<0.00001 

Endrin  Aldehyde 

<0.00001 

<0.00001 

1  Heptachlor  Epoxide 

<0.00001 

<0.00001 

Methoxychlor 

<0.00001 

<0.00001 

Chlordane 

<0.0002 

<0.0002 

Toxaphene 

<0.0002 

<0.0002 
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Table  A5 

Composite  Sediment  Zone  Test  Data 
120^  g/L,  1  March 


Slurry  Concentration, 


Ttana,  hr 


Thn*  bitarval,  hr 


Intwfaee  Dapth,  ft 


Note:  The  initial  interface  depth  was  6. 
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1  Table  A6 

I  Composite  Sediment  Flocculent  Settling  Test  Total  Suspended 

1  Solids,  mg/L 

Depth  from  Top  of  SoMIng  Column,  ft 

Time,  hr 

0^ 

0.72 

1.22 

1.72 

2.22 

2.72 

3.22 

0.0 

60.3* 

Bl 

Bl 

Bl 

Bl 

Bl 

6.0 

51.4 

Bl 

Bl 

Bl 

Bl 

Bl 

Bl 

8.0 

38.6 

50.8 

Bl 

Bl 

Bl 

Bl 

Bl 

12.0 

18.5 

25.5 

Bl 

Bl 

Bl 

Bl 

Bl 

24.0 

11.4 

15.9 

37.6 

55.6 

109.2 

Bl 

Bl 

48.0 

- 

29.1 

34.2 

27.7 

42.6 

46.8 

83.9  1 

06.0 

- 

14.0 

16.9 

17.2 

10.4 

12.6 

13.6  J 

1  Note:  The  slurry  oonoentralion  was  120.5  g/L. 

1  *  Concentratian  at  highest  port  used  as  initial  supernatant  concentration. 

1  *  Port  is  below  interface,  and  no  sample  was  coliected  at  this  time  interval. 
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